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. ABSTRACT
A re v ie w  o f  th e  e le c t r o c h e m ic a l  s y n t h e s i s  i n  n o n -a q u e o u s  
•m edia in v o lv in g  m ain  group  m e ta ls  a n d  th e  t r a n s i t i o n  m e ta ls  
a s  t h e ^ a c r i f i c i a l  e l e c t r o d e  ( c a th o d e  o r  anode) ' i s  p r e s e n t e d .
E le c t r o c h e m ic a l  i n s e r t i o n  r e a c t i o n s  w ere  s u c c e s s f u l l y  
i n v e s t i g a t e d  a n d  a  ra n g e  o f  n e u t r a l  an d  a n io n ic  o rg a n o -  
m e t a l l i c  compounds s y n th e s i s e d  'by  s a c r i f i c i a l  d i s s o l u t i o n  
‘o f  anode m e ta l  i n  n o n -aq u e o u s  m e d ia . The p ro d u c ts  h a v e  b een  
i d e n t i f i e d  u s in g  p h y s ic o c h e m ic a l  m ean s. T h e 'p o s s ib l e  r e a c t i o n  
m echanism  o f  t h e s e  d i r e c t  e le c t r o c h e m ic a l  r e a c t i o n s  by  
m e a su r in g  th e  c u r r e n t  e f f i c i e n c y  o f  .th e  sy s te m , and  th e  
a d v a n ta g e s  o f  e le c t r o c h e m ic a l  p r e p a r a t i v e  m e th o d s , a r e  a l s o  
d is c u s s e d .
X. S y n th e s is  o f  n e u t r a l  organocadm iurn  h a l i d e s  . .
The e le c t r o c h e m ic a l  o x id a t io n  o f  cadmium m e ta l  i n  th e  
p r e s e n c e  o f  a l k y l  o r  a r y l  h a l i d e s  le a d s  to  th e  fo rm a t io n  o f  
u n s ta b le  RCdX (w here  R = Me, E t ,  n -B u , CF^ > C ^ F ^ 'an d
X -  B r , C l, I ) .  T hese compounds a r e • s t a b i l i z e d  by e i t h e r  
mono o r  b i d e n t a t e  n e u t r a l  l i g a n d s ;  th e s e  a d d u c ts  a r e  fo rm ed  ■
t
i n  good y i e l d .
I I .  S y n th e s is  o f  a n io n ic  organocadm lum  d ih a lx d e s
D i r e c t  e le c t r o c h e m ic a l  s y n t h e s i s  gave r i s e  to  a  s e r i e s  
o f  p r e v io u s ly  unknown s a l t s  o r  a n io n s ,  su c h  as RCcD^ (w here 
R = Me, E t ,  n -B u , t -B u , CF^, CgF^; X = C l, B r , I ) , by  th e  
o x id a t io n  o f  cadmium (an o d e) i n  a  c h e m ic a l c e l l  i n  w h ich  th e
v *
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s o l u t i o n  p h a se  was a  m e th a n o l/b e n z e n e  m ix tu r e ,  c o n ta in in g
th e  a p p r o p r i a t e  te tra -n -p ro p y lam m o n iu m . h a l i d e  an d  a lk y l  *
h a l i d e .  Gram q u a n t i t i e s  o f  p r o d u c t  w ere  o b ta in e d  a t  o r  n e a r  
*
room  te m p e ra tu re .-  I n  g e n e r a l  th e  .compounds h y d ro ly s e d  and_ 
decom posed’ on e x p o su re ' to . a i r  o r  m o is tu r e .
I I I . ' S y n th e s is  o f  LCdBr, LpCd, LCdMe and  LCdPh
(L = o -b ro m o -N ,N -d im e th y lb e n z y la m in e )
O x id a tiv e  i n s e r t i o n  o f  cadmium m e ta l  i n  b e tw een  c a rb o n -  
b ro m in e  bond  o f  o-brom o-N  ,N -dim e th y  lb e n z y la m in e  was c a r r i e d  
o u t  by  th e  e l e c t r o l y s i s  o f  o-brom o-N  ,N -d im e th y lb e n z y la m in e  
i n  an  a c e t o n i t r i l e / b e n z e n e  m ix tu re  and  a  few  mg o f  E t^N C lO ^. 
The s a c r i f i c i a l  anode  was cadmium, th e  c a th o d e  was tu n g s t e n ,  
a n d  a l l  r e a c t i o n s  w ere  c a r r i e d  o u t  i n  a  d ry  n i t r o g e n  a t ­
m o sp h e re . The i n s e r t i o n  p ro d u c t  L C dB r.so  o b ta in e d  was
s u c c e s s f u l l y  u t i l i z e d  to  p r e p a re  LCdMe an d  LCdPh q u a n t i -
*
t a t i v e l y  by r e a c t i o n  w i th  MeLi an d  PhLi. r e s p e c t i v e l y .
.F o u r  c o o rd in a te  b i s  2-[C dim e th y  lam ino )’m e th y l]  p h e n y l 
' cadmium h a s~ h ee n  p r e p a r e d  by  th e  r e a c t i o n ,  o f  2 : 1  m o la r  r a t i o  
o f  2 [C d im e th y la m in o )m e th y l p h e n y l ] l i t h iu m  w i th  anhy d ro u s 
CdCl2 i n  d i e t h y l  e t h e r .  A l l  th e  compounds w ere  i s o l a t e d  
a n d  c h a r a d t^ t^ z e d  u s in g  I .P ., NMR, and  m ass s p e c t r o p h o to ­
m e try . —N
\
IV . S y n th e s is  o f  n e u t r a l  and  a n io n ic  o rg a n o z in c  h a l i d e s  
The e le c t r o c h e m ic a l  o x id a t io n  o f  z in c  in  th e  p re s e n c e
o f  an  o r g a n ic  s o l u t i o n  c o n ta in in g  a l k y l  o r  a r y l  h a l i d e  RX 
an d  2 , 2 ’ - b i p y r i d i n e  y i e l d s  i n  gram  q u a n t i t y  a  s e r i e s  o f
vx
• /
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2 , 2 ' - b i p y r i d i n e  a d d u c ts  o f  th e  o rg a n o z in c  h a l i d e s  RZuX, 
w h ere  R = Me; E t ,  CF3 , C2E3> CgH5 , , C6H5 CH2 ; X = C l ,  B r ,
I .
S i m i la r  e l e c t r o c h e m ic a l  o x id a t io n  o f  z in c  m e ta l  i n  th e  
p r e s e n c e  o f  a  s o l u t i o n  m ix tu r e  c o n ta in in g  t e t r a - n - p r o p y la m -  
moniurn h a l i d e  and  RX le a d s  t o  th e  d i r e c t  s y n t h e s i s  o f  t e t r a -  
n-propylam m onium  s a l t s  o f  RZnX^ a n io n s .  .
V. S y n th e s is  o f  some Ph3SnMCl a d d u c ts .
(w here  M = Zn, Cd, Hg)
M e ta l-m e ta l  bo n d ed  p ro d u c ts  w ere  s y n th e s i s e d  e l e c t r o -  
c h e m ic a l ly  and  i s o l a t e d  i n  good y i e l d  a s  t h e  2 , 2  ’ - b i p y r id i n e  
o r  N ,N ,N ' ,-N* - t e t r a m e th y le th y le n e d ia m in e  a d d u c ts  by  th e  
e le c t r o c h e m ic a l  o x id a t io n -  o f  z i n c ,  cadmium o r  m ercu ry  i n  a 
n o n aq u eo u s s o l u t i o n  o f  t r i p h e n y l t i n  c h lo r id e  c o n ta in in g  a
few  mg o f  E t,N C 10, a s  a  s u p p o r t in g  e l e c t r o l y t e .  The p ro to n
^ * - 1  n .m . r .  an d  th e  f a r  i n f r a r e d  s p e c t r a  C50Q-50cm ) o f  t h e s e
compounds a re  a l s o  r e p o r t e d .
V I . S y n th e s is  o f  d ia lk y la m id e s  o f  z in c ,  cadmium and  m ercu ry  
The e le c t r o c h e m ic a l  o x id a t io n  o f  z in c ,  cadmium o r  m erc u ry
i n  a  n o n -a q u e o u s  s o l u t i o n  ^ c o n ta in in g  s e c o n d a ry  ’ am ine (e g -  »
■ isop ropy lam ine  , 2 , 2 , 6  , 6 - t e t r a m e t h y l p i p e r i d i n e  and  1 , 1 , 1 , 3 , 3 , 3 -
XIh e x a m e th y ld is i la z a n e )  y i e l d s  m e ta l - n i t r o g e n  bonded  M ( d i a 'l -
k y la m id e )  s p e c i e s .  E x c e p t f o r  b i s ( d i s i l y l a m i n o ) z i n c  and
b is ( d is i ly la m in o ) c a d m iu m , th e  2 , 2 ' - b i p y r i d i n e  a d d u c ts  o f  th e
d i  a l k y l  am ide o f  w ere  a l s o  o b ta in e d .  The r e s u l t s  a r e
d i s c u s s e d ,  and  com pared w i th  o th e r  p r e p a r a t i v e  r o u te s  t o  
I Im e ta l  d i  a lk y l  ami de s . .
v i i
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CHAPTER It
ELECTROCHEMICAL SYNTHESIS OP ORGANOMETALLIC
COMPOUNDS' IN NON AQUEOUS SOLVENTS' " •
1 .1  I n t r o d u c t io n
E le c t r o c h e m ic a l  te c h n iq u e s  h a v e  b e en  e x t e n s i v e l y  u s e d  
f o r  many y e a r s  f o r  b o th  th e  s y n t h e s i s  and  a n a l y s i s  o f  •
aqueous i n o r g a n ic  an d  o r g a n ic  s y s te m s . E x p e rim e n ts  i n
✓
aqueous m ed ia  im pose s e r io u s  r e s t r i c t i o n s  w h ich  a r e  o f t e n
' 4
im p o s s ib le  t o  overcom e, e s p e c i a l l y  w i th  o r g a n o m e ta l l ic  
com pounds. A lth o u g h  in  th e  l a s t  t e n  y e a r s  s i g n i f i c a n t  
c o n t r i b u t i o n s .h av e  b e e n  made i n  e le c t r o c h e m ic a l  s y n th e s i s  
i n  n o n -a q u e o u s  s o lv e n ts  i n  i n o r g a n ic  and  o r g a n o m e ta l l i c  
c h e m is t r y ,  many sy s te m s h a v e  y e t  to  b e  i n v e s t i g a t e d .
The e le c t r o c h e m ic a l  te c h n iq u e  r e p r e s e n t s  th e  s im p le s t  
and m o st d i r e c t  m ethod  o f  c a r r y in g  o u t  o x id a t io n  o r  
r e d u c t io n  r e a c t i o n s ,  s in c e  th e  rem o v a l o r  a d d i t i o n  o f  an 
e l e c t r o n  can  b e  a c h ie v e d  w i th o u t  any  o f  th e  c o m p l ic a t io n s  
in v o lv e d  i n  th e  u se  o f  re d o x  r e a g e n t s .
An e le c t r o c h e m ic a l  sy s te m  c o n s i s t s  e s s e n t i a l l y  o f  a  
v o l ta g e  s o u r c e ,  e l e c t r o l y t e  s o l u t i o n ,  a  c a th o d e  and  an 
anode e i t h e r  o f  w h ich  may b e  i n e r t  o r  a c t i v e .  The l a t t e r  
c a se  in v o lv e s  a  s a c r i f i c i a l  e l e c t r o d e ,  w h i le  i n  th e  fo rm e r  
c a se  th e  e l e c t r o d e s  a c t  a s  th e  s o u rc e  o f ,  o r  s in k  f o r ,  
e l e c t r o n s  i n  th e  r e d u c t io n  o r  o x id a t io n  o f  s o l u t e  s p e c ie s  
i n  t h e  n o n -a q u e o u s  s o l u t i o n  p h a s e .
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A num ber o f  s o lv e n t s  and  s u p p o r t in g  e l e c t r o l y t e s  h a v e  
b e e n  u s e d  i n  n o n -a q u e o u s  s t u d i e s , an d  e a c h  c o m b in a tio n  h a s  
i t s  own c h a r a c t e r i s t i c s . The c h o ic e  o f  a  p a r t i c u l a r  com bin­
a t i o n  o f  s o lv e n t  and  e l e c t r o l y t e  i s  p r i m a r i l y  e m p i r i c a l ,  
and  can  b e  made o n ly  a f t e r  c o n s i d e r a t i o n  o f  su c h  f a c t o r s  a s  
c h e m ic a l i n e r t n e s s  to w a rd s  s t a r t i n g  and  end  p r o d u c t s , 
g r e a t e r  r e s i s t a n c e  to  r e d u c t io n  o r  o x id a t io n  t h a n . t h e  
s t a r t i n g  r e a g e n t s ,  e a s e  o f  s e p a r a t i o n  o f • p r o d u c ts  a f t e r  
e l e c t r o l y s i s ,  and  th e  e l e c t r i c a l  c o n d u c t iv i t y  o f  th e  s o l u ­
t i o n .  The p r o p e r t i e s  o f  th e  d e s i r e d  p r o d u c t  m u st a l s o  b e
■v •
c o n s id e r e d .  T h u s , f o r  exam ple p r o t i c  s o lv e n t s  o r  H - a c id ic  ' 
e l e c t r o l y t e s  c a n n o t b e  u se d  f o r  th e  s y n th e s i s  o f  o rg a n o -  
m e t a l l i c  com pounds. The s o l v e n t s  m ost o f t e n 'u s e d  h a v e  b e en  
a c e t o n i t r i l e , m e th a n o l ,  d im e th y lfo rm a m id e , p ro p y le n e  c a rb o n ­
a te , -  d im e th y I s u l f o x id e ,  t e t r a h y d r o f u r a n ,  h e x a m e th y l-  
p h o sp h o ra m id e , p y r i d i n e ,  d ic h lo ro m e th a n e  and  1 , 2 -d im e th o x y -  
e th a n e  (g lym e) .
The s u p p o r t in g  e l e c t r o l y t e s  w h ich  o f f e r  th e  w id e s t  
p o t e n t i a l  ra n g e  a r e  th e  te tra a lk y la m m o n iu m  p e r t h l o r a t e  
and  h a l i d e s . L ith iu m  s a l t s  may a l s o  b e  u se d  as s u p p o r t in g  , 
e l e c t r o l y t e  f o r  r e d u c t io n  u n le s s  m e rc u ry  e le c t r o d e s  a r e  
u s e d  when amalgum fo rm a tio n  i s  a  p ro b le m .
I n  th e  s y n t h e s i s  o f  in o r g a n ic  and  o r g a n o - m e ta l l i c  
compounds r e l a t i v e l y  few  s y n th e t ic ^ m e th o d s  u s e  th e  m e ta l  as  
th e  s t a r t i n g  m a t e r i a l .
'  " G r ig n a rd  r e a g e n t ,  and F r a n k la n d 's  s y n t h e s i s  o f  o rg a n o -  
z in c  h a l i d e s  a r e  s a l u t o r y  exam ples o f  th e  a b i l i t y  o f  m e ta ls
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t o  c le a v e  s t r o n g  c h e m ic a l b o n d s . I n  r e c e n t  y e a r s , th e  u s e
o f  m e ta ls  h a s  in c r e a s e d  th e  d e v e lo p m en t o f  v a p o u r  p h a se
r e a c t i o n s , '  i n  w h ich  v a p o r i z a t i o n  o f  m e ta l  a t  e l e v a t e d
te m p e ra tu re  i s  fo l lo w e d  b y  low  te m p e r a tu re  r e a c t i o n  in
*
c o n d en sed  p h a s e ,  o r  by  h ig h  te m p e r a tu re  r e a c t i o n  i n  v a p o u r  
p h a s e .  I n  g e n e r a l  s o p h i s t i c a t e d  a p p a r a tu s  in c lu d in g  a 
h ig h  vacuum  sy s te m  i s  r e q u i r e d  i n  su c h  v a p o u r  p h a s e - r e a c t io n s
. \
1 .2  A d v an tag es  i n  d i r e c t  e le c t r o c h e m ic a l  r e a c t i o n s
-  I n  e le c t r o c h e m ic a l  r e a c t i o n s ,  one n o rm a l ly  w orks a t  
o r  n e a r  room  te m p e r a tu re .
-  The compounds a r e  p ro d u c e d  by  th e  o x id a t io n  o r  r e d u c ­
t i o n  o f  m e ta l  e l e c t r o d e , u s in g  r e l a t i v e l y  u n s o p h i s t i ­
c a te d  a p p a r a t u s .
-  The m ethod  in v o lv e d  i s  a  d i r e c t  one i n  w h ich  th e  
p r o d u c t ( s )  p r e c i p i t a t e  down d u r in g  th e  e l e c t r o l y s i s  
i n  many c a s e s .
-  M e ta ls  a r e  u s e d  a s  s t a r t i n g  m a t e r i a l s , and  axe
g e n e r a l l y  s t a b l e ,  e a s i l y  s t o r e d .a n d  a v a i l a b l e  in  h ig h
c.p u rx ty -.
-  The c h e m ic a l y i e l d  i s  g e n e r a l l y  h ig h  i n  te rm s  o f  
m e ta l  consum ed d u r in g  e l e c t r o l y s i s .
-  I t  h a s  b e e n  o b s e rv e d  t h a t  i t  i s  p o s s i b l e  to- p e rfo rm  
• e l e c t r o c h e m ic a l ly  a  r e a c t i o n  w h ic h  i s  n o t  f e a s i b l e
by  d i r e c t  r e a c t i o n  o f  com ponents b e c a u s e  o f  k i n e t i c  
r e s t r a i n t s  r e s u l t i n g  from  a h ig h  a c t i v a t i o n  e n e rg y .
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1 .3  L i t e r a t u r e  S u rvey  on P r e p a r a t i v e  E le c t r o c h e m is t r y  
o f  O rg a n o m e ta l l ic  Compounds o f  M ain Group E le m e n ts
(a )  Group I I  and  I I I  a s a  s a c r i f i c i a l  anode
I n  1930 F re n c h  and  D rane^  h a d  shown t h a t  z in c  an d
cadmium c o u ld  .be u s e d  a s  s a c r i f i c i a l  anodes in  th e
e l e c t r o l y s i s  o f  iso p e n ty lm a g n e s iu m  i n  th e  e t h e r  s o l u t i o n .
The e l e c t r o l y s i s  p ro d u c ts  w ere  n o t  i s o l a t e d ,  b u t  w e re
assum ed  to  b e  a l k y l  o f  th e  anode m a t e r i a l  d i s s o lv e d .
G r ig n a rd  r e a g e n t s  w ere  th e n  fo u n d  to  b e  g e n e r a l l y  e l e c t r o -
a c t i v e  a t  b o th  s a c r i f i c i a l  and  i n e r t  e l e c t r o d e s  i n  n o n -
2aqueous s o l v e n t s .  L a t e r ,  i t  was s u g g e s te d  b y  E vans and  Lee 
t h a t  d i s s o l u t i o n  o f  an alum inum  an o d »  i n  e th y  lm agnes ium  
b ro m id e  y i e l d s  t r ie th y la lu m in u m . Some r e l a t e d  ex am p les  o f  
o r g a n o m e ta l l i c  compounds o b ta in e d  fro m  th e  e l e c t r o l y s i s  o f  
G r ig n a rd  r e a g e n t s  a r e  g iv e n  i n  t a b l e  t l - 1 )  •
T a b le  1 .1  E l e c t r o l y s i s  o f  G r ig n a rd  R eag en ts  #
Anode E l e c t r o l y t e S o lv e n t P ro d u c t  R e fe re n c e
Z in c c 6H i3MgBr H e x y le th e r  
o f  d i e th y l e n e  
g ly c o l
CC6H i3) 2Zn 3
B oron EtMgCl D ie th y l  e t h e r B (E t )  3 3
A lum inium EtM gl . A l(E t)  3 2
The a n o d ic  o x i d a t i o n  o f  m e ta l  com plexes c o n ta in in g  c a rb o n io n s
i s  a  w id e ly  u s e d  m ethod  f o r  th e  p r e p a r a t i o n . o f  o rg a n o -
4 5  ^
m e t a l l i c  com pounds. ' S o lu t io n s  o f  a lk y l  compounds o f  th e  
a l k a l i  m e ta ls  i n  d i a l k y l z i n c  o r  t r i a lk y la lu m in iu m ,  w h ich  
a r e  r e l a t i v e l y  good  c o n d u c to r s ,  p ro d u c e  a l k y l  r a d i c a l s  .on
** - * * '
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a n o d ic  o x i d a t i o n .  T hese  " r a d ic a ls  d i s s o l v e  th e  m e ta l  anode 
w i th  t h e  fo rm  o f  i t s  a l k y l  m e ta l  compound. W ith  m e ta ls  
w h ic h  do n o t  fo rm  s t a b l e  a l k y l  compopr£ds, d i s p r o p o r t i o n a t i o n  
o r  d im e r iz a t io n  p r o d u c ts  o f  th e  a l k y l  r a d i c a l s  a r e  fo rm e d .^
e g . ,
- e
-> M +  CC2H5J
y ? -c 2n5
C4H10
o.
+  c 2h 6 +  c2h 4 .
M1 -  Na, L i ,  K, 1/3A1~ % Mg.
M2  = % Zn, % Cd, % Hg, 1 /3  A l, 1 /3  G a,**l/3 I n .  ~
Z i e g l e r  h a s  r e p o r t e d  t h a t ^  when a  com plex  o f  th e  ty p e  N aA lE t, 
h a s  e l e c t r o l y s e d  on an a lum in ium  an o d e , A lE t^  was p ro d u c e d  
on th e  anode an d  sod ium  d e p o s i te d  on th e  c a th o d e . The o rg a n o  
b o ro n  com plexes o f  th e  ty p e  M .B r , , on t h e  o t h e r  h a n d , a r e  
o f  i n t e r e s t  i n  t h a t  th e y  a r e  ^ ^ f e  compounds w i th  w h ich  t o "  
w o rk , and  a ,n u m b e r o f  a l k y l  m e ta l  compounds can be p r e p a r e d
g
b y  e l e c t r o l y s i s  i n  e t h e r .  Some exam ples - o f  su c h  s y n th e s e s  
a r e  g iv e n  i n  T a b le  1 .2 .
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Anode E l e c t r o l y t e P ro d u c t
Z in c N a F .2 A l£ t3 Z nE t2
M agnesium .N aA lEt^ MgEt2
Cadmium NaA lEt4  +  K C dEt2
M drcury NaF. 2 A lE t3 H gEt2
A lum inium N aA lE t4 A lE t3
In d iu m N aF .2 A lE t3 I n E t j
M ercury NaBEt4 HgE£ 2
T a b le  1 .2  E l e c t r o l y s i s  o f  A lum inium  and  B oron Com plexes
R e fe re n c e
9 
10 
11 .
9 
2 
8
V
The e l e c t r o l y s i s  o f  3 - io d o  p r o p i o n i t r i l e  i n  0 .5 M H 2 S04  o r  
aqueous sod ium  s u lp h a te  w i th  m erc u ry  a s  an  anode r e s u l t s
12i n  th e  fo rm a t io n  o f  th e  c o r r e s p o n d in g  o r g a n o m e ta l l i c  compound.
E le c t r o  c h e m ic a l ly  t h i s  b  i s  ( d i  c h i  o r  o a lum in ium ) me th a n e  
h a s  b e e n  s y n t h e s i s e d  by  e l e c t r o l y s i n g  a  d ic h lo ro m e th a n e  
• s o lu t io n  c o n ta in in g  a lu m in iu m  t r i i o d i d e  o r  t r i c h l o r i d e
and  E t^N C l as a  s u p p o r t in g  e l e c t r o l y t e ,  th e  alum inC um
13 14 • • •m e ta l  a c t i n g  as a  s a c r i f i c i a l  anode'. ’ The. m echanism
p ro p o s e d  in v o lv e s  th e  fo l lo w in g  s e q u e n c e .
C athode
CH2 C12 +  e " ------------- > C l"  +  C1CH2
CH2 C1 2 +  2e~  > 2 C l” +  CH2 : \
The m e th y le n e  r a d i c a l  so  g e n e r a te d  m ig h t a l s o  u n d erg o  -the
♦  ’
fo l lo w in g  r e a c t i o n :
2CH2 : A ------------ > CH2=  CH2
: CK2 -r CH2 -CH2 >
CH2 ,
ch 2 _ ----------- CK2
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:CH2 +  CH2 C12 ------------------ >--C l-C U 2 -CH2 - C l .
Anode
C l +  A l -------------------   > [A1 -  C l]  -
-e~
[A1C1] +  % CH2 C12 ------------------------- % C12A1-CH2 -A1C12 .
Chadwick and  K i n s e l l a  h av e  r e p o r t e d  a  v e ry  s im p le  p r e p a r a ­
t i o n  o f  m e th y l a lu m in iu m  d i io d id e  b y  e l e c t r o l y z i n g  a  
s o l u t i o n  o f  a lu m in iu m  t r i i o d i d e  i n  id o d o m eth an e  u s in g  an 
a lu m in iu m  e l e c t r o d e . ^  Tuck e t  a l . ^  h a v e  d e te rm in e d  
r e c e n t l y  an e le c t r o c h e m ic a l  r o u t e  f o r  th e  s y n t h e s i s  o f  
n e u t r a l  and  a n io n ic  o rg a n o in d iu m  com pounds. N e u tra l  
compounds o f  th e  ty p e  R ^ n X  o r  R X n ^  a r e  o b ta in e d  as a d d u c ts  
w i th  2 , 2 ’ - b i p y r i d i n e  b y  . th e  e l e c t r o l y s i s  o f  a l k y l  o r  a r y l  
h a l i d e s  i n  CH^CN/CeH.- m ix tu re  ^ i t h  a  s m a ll  am ount o fJ O O
Et^N Br as a  s u p p o r t in g  e l e c t r o l y t e .
I?1^ C 5H5 /CH3CN +  b i p y ^  RInX2 ‘ b ip y  
w h e re  R '= C2H3 , > ^ 6^5 ’ ^ 6^5  ^ 2 '
X = C l, B r , I .
I n ^ ^  CR31________ ^  (CH3) 2I n I  bip-y
The a n io n ic  com plexes o f  th e  ty p e  [R^N ][RInX 3J , [R ^N ]- 
[R2 InX2 ] w ere  s y n th e s i s e d  u n d e r  e s s e n t i a l l y  th e  same 
c o n d i t io n s  a s  u se d  f o r  t l ^ ~ n e u t r a l  com pounds, e x c e p t  t h a t  
i n  t h i s  c a s e  e x c e s s  R^NX was ad d ed  to  th e  e l e c t r o l y s i s  
s o l u t i o n ;  in d iu m  m e ta l  a g a in  a c te d  as a  s a c r i f i c i a l  an o d e .
I n c o  r c  + (C2H5) 4NX  ^ C(C2H5) J ] [ R I n X 3]
• c 6h 6 / c h 3cn
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R = 'CH3 , C2H5> C6H5 CH2 .
X = C l, B r ,  I .  *
CH X +
I n c o  3 Cc 4H9 ) 4 Si:  ^ [ ( c 4H9 ) 4 N ][(CH 3 ) 2 I n I 2 ]
C6H5 /CH3CN
'A
(b) Group I I  and  I I I  a s  a  S a c r i f i c i a l  C athode
E le c t r o c h e m ic a l  s y n t h e s i s  o f  o r g a n o m e ta l l i c  compounds 
can  o f te n  b e  c a r r i e d  o u t  a t  th e  c a th o d e , s t a r t i n g  from  a 
m e ta l  and  o r g a n ic  s u b s ta n c e  i n  n o n -a q u e o u s  s o l v e n t s .
S y n th e s is  o f  1 -m e th y l-2 ,1 ' - d ip h e n y lc y c lo p ro p a n e  h a s  b e en  
'  a c h ie v e d  b y  e l e c t r o l y z i n g  1 - io d o - l - m e th y 1 - 2 , 2 ' - d ip h e n y lc y c lo ­
p ro p a n e  i n  CH3 CN, u s in g  E t4 NBr as a  s u p p o r t in g  e l e c t r o l y t e  
and Hg as a  c a th o d e .  The in te r m e d ia t e  was i d e n t i f i e d  a s  
d i a l k y l  m e rc u ry , n o t  th e  a lk y l  m erc u ry  h a l i d e . ^
The m echanism  in v o lv e d  i n  t h i s  r e a c t i o n  i s  g iv e n  i n
th e  fo l lo w in g  s u c c e s s iv e  s t e p s .
*
R -I +  e " -------------------------— ' [R * -I ]~
[ R * - I ] _---------- ■ * R* +  1 “ 'vV.-
R' +  e ” ----------------------- ;------ > R~ Q
R- +  Hg£ ----------------- :---------> .
R‘  +
EHSnX+  * 2151^ » H g ^  +• RHgS.
R" +  E t4NBr ---------------------- * EH + CH2 = CH2 + E t 3N +  B r" . •
The ^ e ie q tro  l y s i s  o f  b e n z y l  b ro m id e  o r  s u b s t i t u t e d  b e n z y l  
b ro m id e s  a t '  a  m erc u ry  c a th o d e  in  th e  p r e s e n c e  o f  1M L iB r ' 
i n  m e th a n o l r e s u l t s  i n  th e  fo rm a tio n  o f  m ix tu re s  o f  th e
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d io rg a n o n ie rc u ry  compounds and  d im e r ic  h y d ro c a rb o n  in  
v a r y in g  q u a n t i t i e s .  The p r o p o r t io n  o f  th e  p ro d u c ts  a r e
d e p e n d e n t on th e  s u b s t i t u t e n t  R, th e  e l e c t r o l y t e  and  th e
18c a th o d e  p o t e n t i a l .
R
Hg-
2
R y i e l d  %
4 - tB u 50
H 41
4-CH3 64
3 , 4 - d i o l 39
%
19D essy  e t  a l .  h av e  r e p o r t e d  th e  s y n t h e s i s  o f  some o rg a n o -  
m ercu ry  compounds by  th e  e le c t r o c h e m ic a l  r e d u c t io n  o f  o t h e r  
o r g a n o m e ta l l i c  compounds . ( t r i p h e n y l l e a d  c h l o r i d e ,  
d ip h e n y l le a d  d i c h l o r i d e ,  and  d ip h e n y l le a d  d i a c e t a t e )  a t  
m erc u ry  w h ich  i s  a c t i n g  as a  s a c r i f i c i a l  c a th o d e .
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2(C6H5) 3PbC l +  4 Hg( _)
( ) 2?b Cl 2 +  3 Hg ^
■ (C6H5 ) 2Pb(OAc) 2 +  3 H g,
-» 3(C 6H5) 2Hg +  2 Pb + H gCl2 . 
-> (C6H5 ) 2Hg +  Pb + HgCl2 - 
(CgH5 ) 2Rg +  Pb +  Pb(O A c)2 -
3
«
S i m i l a r ly  th e  r e d u c t io n  o f  a lk y  1 -m ercu ry  b ro m id e  to  
d ia lk y lm e rc u ry  u s in g  m ercu ry  as a  c a th o d e  h a s  b e en  
r e p o r t e d .  ^  ’*
M oreover a  c o m p le te «schem e o f  c a th o d ic  r e d u c t io n  o f
20 21o r g a n o m e ta l l i c  compounds was d e r iv e d  by  D essy  ’ and 
th e  f a t e  o f  th e  s p e c ie s  p ro d u c e d  in  th e  e l e c t r o c h e m ic a l  
r e d u c t io n  o f  ^v ario u s  o r g a n o m e ta l l i c  compounds h a s  b een
re v ie w e d  by  Lehm kuhl. 
R-M-X +  e~ -[R-M-X]"
2 2 ,2 3 \
[R-M* -X] “ s t a b l e
r
[R-M-X-X-M-R] 2 - >
-X
s o lv e n t  c le a v a g e
e g . , T .H .F .
---------------
R-M • CH,
\  /  '
0-CH2
+A
+5 (so lven t^ ) R-M-H
^Cr - m- a ] ' V
d -fin e r iz a tio i^  R-M-M-R
d is p r o p o r t io n a t io n ^  R2M + M
fag ( c a th o d e )  v +  2M
a l k y l  exchange
x I
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Hg (c a th o d e )   ^ (R-M) ^Hg
m e rc u ra tx o n  
Homo l y s i s ______  ^ (R ‘ ) +  M
w here  R-M i s  a  n e u t r a l  o r  i o n i c  o r g a n o m e ta l l i c  g roup  
X = an o r g a n ic  o r  i n o r g a n ic  r e s t  o r  a  com plex  fo rm in g  
l ig a n d .
A = an e l e c t r o n  a f f i n i t y  h y d ro c a rb o n .
The e l e c t r o c h e m ic a l  r e d u c t io n  o f  k e to n e s  an d  some 
a ld e h y d e s  i n  a c i d  s o l u t i o n  a t  a  s a c r i f i c i a l  m ercu ry  
c a th o d e  g iv e  r i s e  e v e n tu a l ly  to  o rg a n o m e titL lic -m e rc u ry  
compounds w h ich  s e p a r a t e  as h e a v y  o i l s  from  th e  aqueous 
s o l u t i o n .  The o v e r a l l  s t o i c h io m e t r y  i s
2 R ^ O  +  Hg +  6H+ --------------- > ( R ^ ) ^  Hg +  2H2 0 . and
th e  m echan ism  in v o lv e d  in  th e  c a th o d ic  r e d u c t io n  o f  
o rg a n ic \p o m p o u n d  i s
C'-OHC=0 +  H +  e
R2-
w here  M =■ % Hg
R1 ■ <
R1 = CH
I—1 s2 =
R1 ■ i
„1 _2R = R
„1 _ 2R , R >
„1 7
R , R ’
3 ■ R C2H5 
-  -<CH2 >5 .
- -Cch2V
i p  tt /  \  CH
3 7 3 
H .
r e f 24
r e f 25
r e f 24
r e f 25
r e f 27
r e f 24
r e f 28
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When m e th y lv in y l  k e to n e s  h a v e -b e e n  re d u c e d  a t  a  m ercu ry
c a th o d e  a t  a  c o n s ta n t  p o t e n t i a l  an d  a  pH v a lu e  u n d e r  5 ,
th e  O'C d o u b le  bond  and  n o t  th e  c a rb o n y l  o f  th e  v i n y l
29group  i s  a f f e c t e d .
H«C = CH -  C -  Ch, ^  H9C -  CH =» C -  CH,
2 S- ■ 3 2 iH 31t
Hg -  CH2 -  CH2 -  C -  CH3 ,  Hg ( - )  H2C -  CH2 -  C -  CH3
T h is  ty p e  o f  r e a c t i o n  was s t u d i e d  i n  d e t a i l  f o r  th e  c a se
30o f  e l e c t r o  r e d u c t io n  o f  u n s a t u r a t e d  n i t r i l e s . E l e c t r o
r e d u c t io n  o f  some a lk y l  h a l i d e s  an d  p - io d o  p r o p i o n i t r i l e
31y i e l d e d  th e  c o r re s p o n d in g  o r g a n ic  d e r i v a t i v e  o f  in d iu m  o r
32 ■*t h a l l iu m  . T a b le  1 .3  l i s t s  some t y p i c a l  exam p les o f ’
su ch  s y n th e s e s .
T a b le  1 .3  F o rm a tio n  o f  M e ta l A lk y ls
S u b s t r a t e  C a th o d e , s u p p o r t in g  P ro d u c t  R e fe re n c e
e l e c t r o l y t e ,  s o lv e n t  
»
Mel In* NaCl, MeCN‘ . Me2I n I  -31
CH2 -CH2I  I n ,  NaC104 , MeCN (NC-CH2 CH2) 2 T.1I 31
I
CN
CH2 -CH2- I  T l ,  NaC104 , MeCN (NC-CH2 CH2 ) 2T 1I 32
CN ^
Mel T l ,  NaC104 , MeCN Me2T l I  32
E t I  T l ,  NaG104 , MeCN E t 2T l I   ^ 32
...
■'Apr
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(c )  Group IV a s  a  S a c r i f i c i a l  Anode
The u se  o f  G r ig n a rd  r e a g e n ts  i n  th e  s y n th e s e s  o f  
t e t r a a l k y l l e a d  h a s  b e e n  a  s u b j e c t  o f  c o n s id e r a b le  i n t e r e s t  
i n  th e  l a s t  t e n  y e a r s  b e c a u se  o f ' th e  'econom ic im p o rta n c e  
o f  t h i s  compound due to  i t s  u s e  a s  a  f u e l  a n t i - k n o c k in g  
a d d i t i t i v e .  A d i r e c t  r e s u l t  o f  t h i s  w ork  was th e  co m m erc ia l 
e l e c t r o l y t i c  p r e p a r a t i o n  o f  t e t r a a l k y l l e a d  compounds i n v o l ­
v in g  th e ' 'use o f  s a c r i f i c i a l  l e a d  anode an d  an i n e r t  c a th o d e
, f
. i n  e t h e r  s o l u t i o n .  The NaLco C hem ical Company and o t h e r
33 ^i n v e s t i g a t o r s  -  h av e  i n v e s t i g a t e d  s u c h  v a r i a b l e s  as c e l l  
d e s i g n , th e  c o n c e n t r a t i o n  r a ^ io  o f  G r ig n a rd  r e a g e n t  and  
e x c e s s  a l k y l  h a l i d e ,  te m p e r a tu r e ,  p r e s s u r e  and  e l e c t r o l y t e  
f l o w - r a t e .  W ith  optim um  c o n d i t i o n s ,  th e  y i e l d  o f  th e  a l k y l  
, l e a d  compound was 96%. S o lv e n ts  g e n e r a l l y  u se d  a r e  m ix tu re s  
o f  e t h e r  su c h  as THF, d ie th y le n e  g ly c o l  and  d i e t h y l  e t h e r ;  
th e  s t a i n l e s s  s t e e l  w a l l  o f  th e  c e l l  a c t s  a s a  c a th o d e  and  
l e a d  as a  s a c r i f i c i a l  a n o d e . v
The m echanism  in v o lv e d  i n  th e  p r e p a r a t i o n  o f  t e t r a -
KMgCl - — > R" + KgCl+ ( 1 )
l e a d  anode
4R +  Pb *  R4Pb + 4e ( 2 )
s t e e l  c a th o d e
4MgCl+  +  4e *  2 Mg +  2 MgCl2 (3)
o v e r a l l
4R“ + Pb + 4 MgX+ * R4Pb + 2 Mg + 2 M g ^  (4 )
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(w here  X = C l, B r , I  and  R = a l k y l  o r  a r y l  r a d i c a l ) .  
B r a i th w a i t e  e t  a l ^ 6 , 4 7 , 4 8  ^ a v e  fo u n d  . t h a t  t e t r a a l k y l l e a d  
compounds c o n ta in in g  d i f f e r e n t  a l k y l  g ro u p s  i n  th e  same 
m o le c u le  h av e  b e e n  p r e p a r e d  b y  th e  e l e c t r o l y s i s  o f  G r ig n a rd  
r e a g e n t  i n  th e  p r e s e n c e  o f  an e x c e s s  a l k y l  ( a r y l )  h a l i d e ,  
wh'ose a l k y l  ( a r y l )  g roup  'd i f f e r e d  from  t h a t  o f  th e  o r i g i n a l  
G r ig n a rd  r e a g e n t .  F o r  e x a m p l e E t 2pbMe2 was o b ta in e d  by  
e l e c t r o l y z i n g  C2H^Br and  MeMgBr (G r ig n a rd  r e a g e n t )  i n  THF 
and  d ie th y le n e l  g l y c o l ;  d i b u t y l  e t h e r ,  u s in g  l e a d  as a
v s a c r i f i c i a l  an o d e .
The o r g a n ic  h a l i d e  "RX" w h ich  i s  th e  s o u rc e  o f  th e  
c a rb o n io n  in  t h e s e  s y n th e s e s  c o u ld  b e  s u c c e s s f u l l y  
r e p l a c e d  by  su c h  s p e c ie s  a s  t r i a l k y  lb  o ro n  and  - t r i  a l k y l - 
a lu m in iu m  c o m p o u n d s .^
M ix tu re s  o f  t r im e t h y l v i n y l l e a d ,  dime th y  Iv in y  H e a d  
an d  t e t r a m e th y l l e a d  a s  w e l l  a s  m e t h y l t r i v i n y l l e a d  h av e  
b e e n  s y n th e s iz e d  by  th e  e l e c t r o l y s i s  o f  v in y lm ag n es iu m  
c h lo r id e ,-  t r im e th y lb o r o n ,  and  t r im e th y la lu m in iu m  i n  THF 
-e th y le n e  g ly c o lm o n o e th e r . C om parable r e s u l t s  w ere  o b ta in e d  
w i th  dime th y  Im eth o x y a lu m in iu m , t r ip h e n y la lu m in iu m  and  
tr ip h e n o x y a lu m in iu m  em p lo y in g  a  s t e e l  c a th o d e  an d  le a d  
an o d e .
T e t r a a l k y l l e a d  compounds h av e  a ls o  b e e n  p r e p a r e d  by
th e  e l e c t r o l y s i s  o f  m e ta l  a lk y l s  su c h  as d ie th y lm a g n e s iu m ,-.
t e t r a e t h y l t i n  and  t r ie th y la lu m in iu m  i n  •e t h e r  a t  a  l e a d
50anode and  a  p l a t i n iu m  c a th o d e .  H ydrogen and cC o l e f i n s  
w ere  c o n t in u o u s ly  p a s s e d  i n t o  th e  c a th o d e  cham ber.
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Z ie g l e r  i n  1 9 5 6 ^  u s in g  th e  com plex  N aF.Z A lE t^ a s  
e l e c t r o l y t e ,  p r e p a r e d  P b E t^  e l e c t r o c h e m ic a l l y  a t  a  l e a d  
an o d e . S i m i l a r l y  an  o rg an o b o ro n  com plex  o f  th e  ty p e
8NaBMe^ on e l e c t r o l y s i s  p ro d u c e d  PbMe^ a t  a  l e a d  an o d e .
52D i b u t y l t i n  d ib ro m id e  h a s  b e e n  p r e p a r e d  by  e l e c t r o l y z i n g  
a  sy s te m  c o n ta in in g  b u t y l  b ro m id e  i n  b u t y l  a c e ta ta ^ a n d  
em p lo y in g  t i n  a s  a  s a c r i f i c i a l  a n o d e . I f  th e  s o lv e n t  
was- ch an g ed  to  m e th a n o l, b u t y l  a l c o h o l ,  e t h y l  a c e t a t e  o r
i - b u t y l  a c e t a t e  anci a  m ix tu re  t h e r e o f ,  th e  o n ly  t i n
compound i s o l a t e d  was t r i b u t y l t i n  b ro m id e .
53Tuck and  H abeeb h av e  r e p o r t e d  r e c e n t l y  a  d i r e c t  > 
e l e c t r o c h e m ic a l  r o u te  f o r  th e  s y n t h e s i s  o f  o r g a n o t in  . 
compounds o f  th e  ty p e  R2SnX2 » R^Sn, R g S ^ ,  R2 $nX22L and 
R2 SnX2L w here  R = Me, E t.n B u  o r  Ph •
X = I ,  B r , o r  C l
L .= CILjCN, DMSO, 2 , 2 ’ - b i p y r i d i n e ,
1 , 1 0 -p h e n a n  th r o  l i n e  .
♦
The o r g a n o t in  d i h a l i d e s  w ere  p r e p a r e d  in  h ig h  y i e l d  by  th e  
d i r e c t  e le c t r o c h e m ic a l  r e a c t i o n 'o f  m e t a l l i c  t i n  as s a c r i ­
f i c i a l -  anode w i th  a l k y l  o r  a r y l  h a l i d e s  i n  o rg a n ic  m ed ia  
c o n s i s t i n g  o f  MeOH/CgHg and  s m a ll  amount o f  E t^N ClO ^.
The a d d u c ts  w ere  p r e p a r e d  by  th e  a d d i t i o n  o f  a p p r o p r i a te  
l ig a n d  to  th e  e l e c t r o l y s i s  s o l u t i o n .  In  th e ' e l e c t r o ­
c h e m ic a l s y n t h e s i s  o f  th e  fo l lo w in g  m echanism
was p ro p o s e d .
■* /
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Q
s ' • .
C athode RX +  e ” -i =:-------> R* +  X". ’ '— '  ✓
•• Anode X~ ----------------------------> X* +  e - .
X’ +  Sn ----------------- * SnX
.
"*=• SnX +  RX -----------   * RSnX + X‘
XX ■ *O rg a n o tin  s p e c ie s  a r e  u n s t a b l e ,  and  w i l l  r e a c t  by
• ’ RSnX +  RX -------------- » R2 SnX2 .
/
th u s  e x p la in in g  th e  u n iq u e  fo rm a t io n  o f  th e  d io r g a n o t in  -  • 
d ih a l i d e s  i n  t h i s  s y n t h e t i c  m ethod . c
Group XV As a  S a c r i f i c i a l  C athode
»
The fo rm a t io n  o f  g roup  XV m e ta l  a lk y l s  by  th e  
i r r e v e r s i b l e  e le c t r o c h e m ic a l  r e d u c t io n  o f  an o 'g ra n ic  h a l i d e  
. "RX" a t  s a c r i f i c i a l  c a th o d e  a r e  g iv e n  i n  T a b le  1 .4 .  o
T a b le  1 .4  F o rm a tio n  o f  M e ta l A lk y le s  from  
Group XV S a c r i f i c i a l  ^Cathode
-
S u b s t r a t e C a th o d e , s u p p o r t in g  
e l e c t r o l y t e ,  s o lv e n t
P ro d u c t R e fe re n c e
E tB r P b , E t,N B r 
p ro p y le n e  c a rb o n a te
P b (E t ) 4  • 5 4 ,5 5
E tB r P b , v a r io u s  s a l t s  
p ro p y le n e  c a rb o n a te
P b (E t ) 4 56
E tB r
E tB r
’^ 'P b , 'E t,N B r
v a r io u s  s o lv e n ts
P b , L iB r , v a r io u s  
s o lv e n t s
Pb ( E t ) 4 
»
Pb (E t)  4  -
'5 4
<3
57
M eC l.B r.X
E t C l . I
P b , E t,N B r
ch3 cn *
.*1*4 57
E tB r S n , E t^N B r, CH^CN Sn (E t)  4 57
RX Sn, v a r i o u s ,  CH-OH o r
<^3 cn '  *
u v  V -
SnR4 . 5 8 ,5 9 ,6 0
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1 .4  The E le c t r o c h e m ic a l  S y n th e s is  o f  T r a n s i t i o n  M e ta l 
COnipoun5s~
O rg a n o m e ta l l ic  compounds o f  th e  t r a n s i t i o n  m e ta ls  a r e
o f  g r e a t  i n d u s t r i a l  im p o r ta n c e  as a c t i v e  c a t a l y s t s  f o r  th e
•c o n v e rs io n  o f  u n s a t u r a t e d  o r g a n ic  compounds b y  h y d ro g e n a t io n
an d  i n  i s o m e r i z a t io n ,  d im e r iz a t io n ,  o l ig o m e r i z a t i o n ,  p o ly m e ri-
23z a t i o n  o r  h y d ro fo rm y la t io n  p r o c e s s e s .  Some o f  th e s e  com­
pounds a l s o  h av e  th e  a b i l i t y  to  com plex  h y d ro g e n , n i t r o g e n  
o r  oxygen an d  so  b r i n g  t h e s e  to  an a c t i v e  fo rm , w hich  shows 
a  s p e c i a l  s i g n i f i c a n c e  i n  th e  c h e m ic a l c o n v e rs io n  o f  
n i t r o g e n .
O rgan o t r a n s i t  io n  m e ta l  compounds in -^ rh ic h  th e  a lk y l  
o r  a r y l  g roup  i s  b o n d ed  to  th e  t r a n s i t i o n  m e ta l  by a  sig m a 
b o n d  a r e  o f t e n  u n s t a b l e .  The a l k y l  o r  a r y l  compounds o f t e n  
e x i s t  i n  e q u i l i b r iu m  w i th  a n o th e r  c l a s s  o f  o r g a n o t r a n s i t i o n  ; 
m e ta l  compounds i n  w h ich  th e  C-C m u l t i p l e  bo n d s a re  j o in e d  
. to  th e  m e ta l  th ro u g h  th e  "K e l e c t r o n  sy s te m .
M-CH^-CH^-R "  N H -M --- ' II
R
o r
m -ch2 - c h = c h - r  - — n M ^ C -H
M= one o r  more e q u iv a le n t  t r a n s i t i o n  m e ta ls  . M a n ah a n ^  
was th e  f i r s t  c h e m is t to  a p p ly  e le c t r o c h e m ic a l  te c h n iq u e s
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I I■ i n  t h e jsy n t h e s i s  o f  t i e t a l - o l e f i n  c o m p lex e s . C opper 
p e r c h l o r a t e  was- e l e c t r o l y s e d  b e tw ee n  c o p p e r  e l e c t r o d e s
'" i n  th e  p r e s e n c e  o f  1 ,5 - c y c l o - o c t a d i e n e , and  b is -C .1 ,5
c y c lo - o c ta d ie i ie ) - c o p p e r ^  p e r c h l o r a t e  was o b ta in e d .
Cu+
CuCC1 0 ^ ) 2  C u - /o le f in ^  b i s - C l  >5 c y c lo - o c ta d ie n e )
c o p p e r^  p e r c h l o r a t e .
:
M o d if ic a t io n s  o f  t h i s  b a s i c  m ethod  hSve b e e n  u se d  e x te n ­
s i v e l y  f o r  th e  s y n t h e s i s  o f  o t h e r  t r a n s i t i o n  m e ta l—c y c lo -  . 
o l e f i n s  c o m p lex e s . The g e n e r a l  p r i n c i p l e  h a s  b e e n  th e
c a th o d ic  r e d u c t io n  o f  m ix tu re s  o f  r e a d i l y  a c c e s s i b l e
62 63 64t r a n s i t i o n 'm e t a l  compounds w i th  s u i t a b l e  o l e f i n s .  ’ ’
D epend ing  on th e  m a g n itu d e s  o f  th e  e l e c t r o n  ^ a f f i n i t i e s  
o f  th e  m e ta l  compound and  th e  l i g a n d ,  e i t h e r  th e  m e ta l
■ compound o r  th e  l ig a n d  may b e  e l e c t r o  c h e m ic a l ly  r e d u c e d .
T hus, t h e  r e a c t i o n  may b e  o b ta in e d  by  c o m b in a tio n  o f  
one o r  th e  o t h e r  p a i r s  o f  p a r t  r e a c t i o n ,  i . e . , e i t h e r - 
M+ +  e ---------
^ (o )  + l i g a n d  ------------- ^ . . . 1-ig]
65W. L e u c h te  h a s  r e p o r t e d ,  e l e c t r o c h e m ic a l ly  i t  i s  p o s s i b l e  
w i th  n i c k e l  anode and  c y c l o - o c t a t e t r a e n e  (COT)- i n  dime th y  1- 
fo rm am ide (DMT). The w e ig h t l o s s  o f  th e  anode c o r re s p o n d s  
to  90% o f  th e  c u r r e n t  an d  th e  d e s i r e d ' com plex  was i d e n t i f i e d  
•- a s Ni (COT) .
N i +
The d i s s o l u t i o n  o f  th e  n i c k e l  anode i s  l e s s  co m p le te  w hen, 
th e  e l e c t r o l y s i s  i s  c a r r i e d  o u t  in  p y r id in e - -o r  t e t r a h y d r o -  
f u r a n .  I f  th e  o r g a n o m e ta l l ic  com plexes fo rm ed  by  c a th o d ic
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r e d u c t io n  a r e  m ore r e a d i l y  o x id iz a b le  th a n  th e  m e ta l  i t s e l f ,  
t h e  r e a c t i o n  may b e  r e v e r s e d  by  a n o d ic  o x id a t io n  o f  th e  
p r o d u c t .  T h is  can  b e  p r e v e n te d  b y  u s in g  a  d iap h rag m  to  
p r e v e n t  th e  p r o d u c t  'fo rm ed  a t  th e  ^ca thode  fro m  r e a c h in g  th e
a n o d e , o r  by  u s in g  a  m ore e l e c t r o p o s i t i v e  m e ta l  f o r  th e
■
an o d e  w h ic h  i s  t h e n  m ore r e a d i l y  o x id iz a b le  th a n  th e  p ro d u c t .
3 Ni (a c a c )  2 +  6 CED +  2 A lC anode) ■ > 3 NiCCOD) 2
+ A l( .a c a c ) ,  ,
3 Ni (a c a c )  2 +  3 CDT +  A lC anode) — ----------- ^  3 NiCCDT)
and
+  A lC acac>2
F eC acac ) 2 + 2 COT +  A lC anode) -----------------  >FeCCOT) 2
v ' +  A1 Cacac) ^
E a r l i e r  a t te m p ts  to  p r e p a r e  " f t - c y c lo - o c te n y lc o b a l tc y c lo -  
o c ta d ie n e  by  e l e c t r o c h e m ic a l  te c h n iq u e s  w ere  a t  f i r s t  
u n s u c c e s s f u l  b e c a u sh  th e  compound form ecPby c a th o d ic  
r e d u c t io n  was r e a d i l y  o x id iz e d  a t  .an a lu m in iu m ' anode i n  th e  
.. p r e s e n c e  o f  1 ,5  c y c lo - o c ta d ie n e .  ■ T h is  p ro b le m  h a s  e a s i l y  
b e en  overcom e w i th  ‘th e -  u se  o f^ 'p ro to n  d o n a tin g  s o l v e n t s , 
e g . , m e th a n o l an d  e t h a n o l ,  w h ich  s t a b i l i z e d  th e  c o b a l t  
a n io n  by, a b s t r a c t i o n  o f  h y d ro g en  from  th e  r e a c t i o n  medium 
to  form  ~K - a l l y l  c o b a l t  d e r i v a t i v e s . '
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C o (a c a c ) ,2 e ~  c a th o d e . ['Co ° ]  ad s  +  2 (a c a c )
[C o ° ]a d s COD
Co
+e
Co
Co
Co-H
COD
i s  o m e rrz a tx o n
+H.+
+ COD
is o m e r i z a t io n  <
Co
V ,
I n  th e  a b se n c e  o f  a lc o h o l  an d  w i th  s e p a r a t i o n  o f  anode
and  c a th o d e  by\ a  d iap h rag m , c o b a l t  com plexes can  a l s o
b e  p r e p a r e d .  The n e c e s s a r y  h y d ro g e n  i s  a b s t r a c t e d  from
th e  r e a c t i o n  m edium .
C y c l o o c t a t r i e n y l - c o b a l t - c y c l o o c t a t e t r a e n e  can
23b e  s y n t h e s i s e d  a n a lo g o u s ly .
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CoCacac) 2 +  2 COT +  2 e"  ^ ( ^ c )----------------> l ^ j ) “Co.COT '
F e r ro c e n e  h a s  b e e n  s y n th e s i s e d  e l e c t r o  c h e m ic a l ly  by  th e  
e l e c t r o l y s i s  o f  c y c lo - p e n ta d ie n y 1 - t h a l l iu m  i n  DMF a t  an 
i r o h  a n o d e . ^  {
Fe^  > O reO
S i m i l a r l y ,  c y c lo p e n ta d ie n y l  compounds o f  a l k a l i  m e ta ls
can  b e  e l e c t r o l y z e d  to  p ro d u c e  th e  c y c lo p e n ta d ie n y l -
66t r a n s i t i o n  m e ta l  com plex .
A p ro c e d u re  f o r  th e  p r e p a r a t i o n  o f  t r a n s i t i o n  m e ta l -  
c a rb o n y ls  h a s  b e e n  d e s c r ib e d  b y  E r c o l i  e t  a l . ^
T h is  in v o lv e s  e l e c t r o l y s i s  o f  a  m e ta l  a c e ty l a c e to n e  i n  a 
 ^ p y r id in e  , • te tr a -n -b u ty l-a m m o n iu m  b ro m id e  s o l u t i o n  a t  an 
a lu m in iu m  anode and  a  g r a p h i t e  o r  s t e e l  c a th o d e  in  a 
c a rb o n  m onoxide a tm o sp h e re .
The fo l lo w in g  compounds w ere  o b ta in e d .
CrCCO£, *fa2 CCO)1 0 , FeCCO)5 , NiCC0)4 .
S u b s t i t u t e d  c y c lo p e n ta d ie n y lm a g a n e s e t r ic a r b o n y l  compounds 
h a v e  b e e n  p r e p a r e d  by  th e  e l e c t r o l y s i s  o f  a  s o l u t i o n  o f  a 
M n ^  s a l t ,  a  c y c lo p e n ta d ie n e  h y d ro c a rb o n  and a  t r a n s i t i o n  
m e ta l  c a rb o n y l  in  su c h  s o lv e n ts  a s  DMF, d ie th y le n e  g l y c o l ,  
d i b u t y l  e t h e r ,  o r  h e x an e  th y  lp h o s p h o r  am ide u n d e r  a  p r e s s u r e  
o f  c a rb o n  m onox ide . ^
Thus by  a p p ly in g  a  p o t e n t i a l  o f  25-30  V a c ro s s  
m anganese e l e c t r o d e s , m e th y lc y c lo p e n ta d ie n y 1 -m anganese  
t r i c a r b o n y l  and  f lu o r e n y  1 -m anganese  t r i  c 'a rb o n y l w ere  
s y n th e s i s e d .
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E l e c t r o l y s i s  o f  th e  s o d iu m -a lk y l  C a ry l)  c y c lo -  
p e n ta d ie n id e  an d  e x c e s s  a l k y l  C a ry l)  c y c lo p e n ta d ie h e  in  
THF o r  p y r i d i n e / d i e t h y l e n e  g ly c o l ,  d im e th y l  e t h e r  a t  a  
m anganese  anode and  co p p e r c a th o d e  u n d e r  n i t r o g e n  a tm o sp h e re  
y i e l d s  th e  m a n g a n e s e -a lk y l-  C a r y l ) - c y c l o p e n t a d i e n id e s ^  
i n  257. y i e l d .  M anganese m e th y lc y c lo p e n ta d ie n id e  and- 
c y c lo p e n ta d ie n y l- m a n g a n e s e t r ic a r b o n y l  w ere  p r e p a r e d  i n  th e  
same w ay.
Tuck and  H a b e e b ^  hav e  r e p o r t e d  th e  d i r e c t  e l e c t r o ­
c h e m ic a l s y n th e s i s  o f  o r g a n o m e ta l l i c  n i c k e l  and  p a l la d iu m  
com plexes o f  th e  ty p e  
RNiX.2L w here  R =  CgF^, CH3> C6H5CH2 ,
L = E t^ P , d ip h o s  o r  p y r i d i n e .  ----
The e le c t r o c h e m ic a l  o x id a t io n  o f  n i c k e l  o r  p a l la d iu m  anode 
i n  th e  p r e s e n c e  o f  c e r t a i n  o r g a n ic  h a l i d e s  and' e th a n o l  
C l :1  r a t i o )  c o n ta in in g  a  few  mg o f  E t^ B r le a d s  t o  th e  
f o rm a t io n  o f  RNiX, w h ic h  can b e  s t a b l i i z e d  w i th  some 
n e u t r a l  l i g a n d  l i k e  E t^P  o r  p y r i d i n e ,  s i m i l a r  p ro c e d u re  
l e a d s  to  th e  c o r re s p o n d in g  p a l la d iu m  compound.
Tuck e t  a l .  h a v e  a l s o  r e p o r t e d  t h a t  th e  e l e c t r o ­
c h e m ic a l a n o d ic  o x id a t io n  o f  t i t a n iu m ,  z irc o n iu m ’ o r  
72h a fn iu m  le a d s  t o  th e  s y n t h e s i s  o f  th e  com plexes
.2CH3CN (R = C6H5 CH2 , X = C l,B r)  
by  c a r r y in g  o u t  th e  e l e c t r o l y s i s  o f  a  s o l u t i o n  c o n ta in in g  
CR3CN and a r y l  o r  a lk y l  h a l i d e .  _ -The 2 , 2 ' - b i p y r id i n e  
a d d u c t a r e  r e a d i l y  o b ta in e d  by  t h e  a d d i t i o n  o f  2 , 2 *- b i p y r i ­
d in e  to  th e  e l e c t r o l y s i s  s o l u t i o n .
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D essy  e t  a l .  h a v e  i n v e s t i g a t e d  th e  p o la r o g r a p h ic
73b e h a v io u r  o f  .la rg e  num bers o f  m e ta l  c a rb o n y l  sy s te m s and  
fo u n d  t h a t  s t a b l e ,  r a d i c a l  a n io n s  o r  d ia n io n s  c o u ld  b e  em pe- 
t e d  from  b r id g e d -  b i m e t a l l i c  s p e c ie s  h a v in g  a  m e ta l - m e ta l  . 
b o n d , w h i le  th e  r a d i c a l  c a t i o n  may b e  formed^ from  th o s e  n o t  
h a v in g  such, m e ta l - m e ta l  b o n d in g . The e le c t r o c h e m ic a l  
s c i s s i o n  o f  m e ta l - m e ta l  bonds may p ro c e e d  by  two d i f f e r e n t
p a th w a y s . ^ __
M" : +  M* : '
H : +  M* .
2 e~
l e
H o m o d im e ta llic  compounds a c c e p t  two e l e c t r o n s  p e r  m o le c u le  
and  form  two u n in e g a t iv e  a n io n s , w h i le  h e t e r o d i m e t a l l i e  
compound may do th e  sam e, o r  may a c c e p t  o n ly  one e l e c t r o n  
p e r  m o le c u le  and  fo rm  a  r a d i c a l  and  an  a n io n .
' I n  sy s te m s  in v o lv in g  compounds o f  th e  ty p e  
(CO)5 M-M(CO) 5 w here  M = Re, Mn.
ICpMCCO) w here  M :  F e , Mo o r  W.
CpMCCO^l.M = F e , W, o r  Mo and  Cp = c y c lo p e n ta d ie n y l ,  
compounds o f  th e  ty p e  IM C C C O ^^S £CpM(CO) 2^2^  w ere  
c h a r a c t e r i z e d . .  A m e rc u ry  c a th o d e  was u s e d  i n  t h e s e  r e a c t i o n s .
E l e c t r o l y t i c a l l y  g e n e r a te d  a n io n s  w i l l  r e a c t  w i th  
o r g a n o m e ta l l i c  h a l i d e s  i n  a c c o rd a n c e  w i th  t h e . n u c l e a p h i l i c i t y  
o f  th e  a n io n  and  th e  r e s p e c t i v e  s t r e n g t h  >of th e  bonds w h ich  
may b e  fo rm ed . The fo l lo w in g  a r e  p o s s i b l e  g e n e r a l  r e a c t i o n s .
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M-X +  M
■> ' M-M' -X+L
■> M-M C ^ed is t r i b u t i o n )
■> , M-H Cabs t r a c t i o n )
T h u s , [C C ^H ^F eC C O ^J” io n  form s th e  d i - i r o n  compound 
w i th  C C-^H^) Fe(CO) 2 I , b u t  th e  EMnCCO^J io n  does n o t  
r e a c t  w i th  CCO)3MhCl to  fo rm  Mn2 CCO)^g b e c a u s e  o f  i t s  low 
n u c l e o p h i l i c i t y .
The a d d i t i o n  o f  t r i p h e n y l t i n  c h lo r id e  to  th e  [MnCCO)
io n  y i e l d e d  a  m ix tu re  o f  d im a n g an e se , d i t i n ,  and m anganese-
■•r' 73
t i n  compounds i n  a p p ro x im a te ly  e q u a l  p r o p o r t i o n s .
R e d i s t r i b u t i o n  r e a c t i o n s  may a l s o  b e  u s e d  f o r  s y n t h e t i cf
p u r p o s e s .  An e l e c t r o l y t i c a l l y  g e n e r a te d  a n io n  w i l l  r e a c t  
w i th  a  p o l y m e t a l l i c  compound to  form  a  new p o l y m e t a l l i c  
compound and  th e  l e a s t  n u c l e a p h i l i c  o r  m o st s t a b l e  a n io n .
(c h 3ock 2 ) 2 V
M:~ +  M-M ------------------->  M-M +  Mr"
TBAP
T h is  r e a c t i o n  h a s  b e e n  u s e d  to  p r e p a r e  CCgH^) ^SnFeCCO) 2~
C C5H5 ) from  IC C g H -^ S n ]- , and  E (*-C 5H5 )FeCCO)2 32 , 
ECC5H5 )Fe.CCO) 2 ] 2 and  E>biCCO)5 ] "  from  EC*-C5H5 )FeCCO)2ET 
and  Mn2 CC0 ) .
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74Tuck an d  Z h a n d ire ,  r e c e n t l y  h a v e  b e e n  a b le  to  
p re p a re ,  p o l y m e t a l l i c  compounds b y  th e  e le c t r o c h e m ic a l  
p ro c e d u re .  The s a l i e n t  f e a t u r e s  o f  t h e s e  r e a c t i o n s  a r e  
i l l u s t r a t e d  b e lo w .
M i- CCO), n
^ -----------------------> MDfaCCO),-32 .b ip y  .
• L J CgHg + CH3OH *  b ip y  3 c ^
' M = Zn, Cd.
Co- Cco)-
C d , . .  —± -------2-------------------- :------------- CdlCoCCO) .
 ^ 1 ■ CH-OH +  C,H, + E t/N C IO ,3 6 o < 4 4
Co 2 Cco) o y t
M , , .  — ------- 2---------------------------- *  M lCoCCO) J o L 1 1 .
w  CH3OH. +  CgHg +  E t 4 NC104  *
M = Zn, Cd.
- = 2 ,2 ' b i p y r i d i n e ,  TMED.
Co-CCO)-
I n , , .   2----------------------------^  In£CoCCO) b ip y
CgHg +  CH3 OH +  E t 4 ^ C l 0 4  J
+ 2 , 2 ’- b ip y
Mn-o CC°) -i n
I n , ------------------ ±2------:------ =-------------> B ipy  I n  D foC C O )-]-.
CgHg +  CE3OH + E t4 NCl04  3 J
4* 2 , 2 ' - b i p y r i d i n e  
O rg a n o m e ta l l ic  c a t a l y s t s  h a v e  b e e n  g e n e r a te d  e l e c t r o -
c h e m ic a l ly  in  s i t u  f o r  th e  p o ly m e r iz a t io n  o f  b u ta d ie n e
i e . '
76
to  p o l y b u t a d i e n e , ^  e th y le n e  to  p o ly e th y le n e ,  and a lk y n e s
to  p o ly a lk y n e s .
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1 .5  O b je c t iv e  o f  Work
I n  p r i n c i p l e ,  th e  e le c t r o c h e m ic a l  te c h n iq u e  i s  th e  
e a s i e s t  an d  m o st d i r e c t  m ethod  o f  c a r r y in g  o u t  o x id a t io n  
o r  r e d u c t io n  r e a c t i o n s ,  f o r  th e  r e a s o n  t h a t  th e  rem o v a l o r  
a d d i t i o n  o f  e l e c t r o n  can  b e  a c h ie v e d  w i th o u t  th e  a t t e n d a n t  
c o m p l ic a t io n s  o th e rw is e  in v o lv e d  in  th e  a d d i t i o n  o f  a  
r e d o x  r e a g e n t .
D e s p i te  t h i s  i n h e r e n t  s i m p l i c i t y  and th e  am ount o f  
in f o r m a t io n  a v a i l a b l e  from  p o la p o g r a p h ic  s t u d i e s  an d  o t h e r  
p h y s i c a l  m e a su re m e n ts , .c h e m is ts  h a v e  n o t  a v a i l e d  th e m se lv e s  
o f  th e  a d v a n ta g e s  o f  e le c t r o c h e m ic a l  m ethods to  th e  e x te n t  
w h ich  m ig h t h a v e  b een  e x p e c te d .
*
Some w o rk e rs  h av e  c o n c e n t r a te d  p a r t i c u l a r l y  on th e . 
d e te r m in a t io n  o f  fu n d a m e n ta l p a ra m e te r s  l i k e  E ° , th e  num ber 
o f  e l e c t r o n s  in v o lv e d  i n  o x id a t io n  *or r e d u c t io n ,  and  
c u r r e n t / v o l t a g e  r e l a t i o n s h i p s .  The p r e s e n t  i n v e s t i g a t i o n  
does n o t  d ep en d  upon t h e s e  fu n d a m e n ta l v a r i a b l e s ,  b u t  
r a t h e r  s e t s  .o u t to  c a r r y  o x id a t iv e  a d d i t i o n  and  i n s e r t i o n  
r e a c t i o n s  b y  - th e  g e n e r a l  a p p l i c a t i o n  o f  th e  a n o d ic  o x id a t io n  
o f  th e  m e ta ls  z i n c ,  cadmium o r  m e rc u ry  in  th e  p re s e n c e  o f  
a l k y l  ( a r y l )  h a l i d e s  i n  n p n -a q u e o u s  s o l u t i o n ,  -which le a d s  
to  th e  f o rm a t io n  o f  s p e c ie s  o f  th e  ty p e  RMX.
I t  i s  c o n c e iv a b le  t h a t  t h i s  m ethod  may b e  o f  g e n e r a l  
a p p l i c a t i o n  f o r  a  w ide  v a r i e t y  o f  m ain  g roup  and  t r a n s i t i o n  
m e ta l s .  R e a c t io n  m echanism s in v o lv e d  in  th e  e le c t r o c h e m ic a l  
s y n th e s i s  h a v e  b een  p ro p o s e d  from  th e  m easu rem en t o f  c u r r e n t  
e f f i c i e n c y .
&
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CHAPTER I I  
EXPERIMENTAL ;
2.1- I n t r o  d u c t  io n
Due to. th e  e x tre m e  r e a c t i v i t y  o f  o r g a n o m e ta l l i c  
compounds and  t h e i r  a d d u c ts  to w a rd s  m o is tu r e  and  a i r ,  ■ 
e x tre m e  p re a c u a £ io n s  w ere  ta k e n  t o  s y n t h e s i s  and  i s o l a t e  
th e  compounds d e s c r ib e d  l a t e r ,  u n d e r  d ry  n i t r o g e n ,  o r  i n  
a  n i t r o g e n  f i l l e d  dry-=£ox, (.type HE 4 3 -2  DRI-LAB, s u p p l i e d  
by  Vacuum A tm osphere  Company, H aw th o rn e , C a l i f o r n i a ) .
V-
2 .2  E le c t r o c h e m ic a l  C e l l
D i r e c t  e l e c t r o c h e m ic a l  s y n th e s e s  h a v e  b e e n  c a r r i e d  o u t
i n  tw o d i f f e r e n t l y . d e s ig n e d  c e l l s .
. C e l l  ”A” (F ig .  2 . 1 ) .  A t a l l - f o r m  200cm^ p v re x  b e a k e r
3
c o n ta in in g  a p p ro x im a te ly  1 0 0 cm o f  s o l u t i o n  p h a s e ,  s e r v e d  
a s  th e  r e a c t i o n  v e s s e l .  The c a th o d e  was a  p la t in u m  w ir e  
a p p ro x im a te ly  1mm d ia m e te r .  I t  was som etim es e s s e n t i a l  
t o  s p i r a l  th e  lo w e r en d  o f  w i r e  to  i n c r e a s e  th e  a v a i l a b l e  
e l e c t r o d e  s u r f a c e  a r e a .  The fo rm  o f  th e  anode depended  
upon  th e  p r o p e r t i e s  o f  th e  m e ta l  c o n c e rn e d . I n  m ost c a s e s  
t h e  m e ta l  (2 -4 g )  was hammered f l a t  and  su sp e n d e d  on a  
p la t in u m  w i r e .  B o th  e l e c t r o d e s  w ere  s u p p o r te d  by a  ru b b e r  
bung  f i t t e d  t i g h t l y  i n t o  th e  n e c k  o f  th e  v e s s e l .  T h is  r u b b e r ,  
bung  was a l s o  p r o v id e d  w i th  g la s s  i n l e t  and  o u t le t -  tu b e s
r>
w h ic h  s e rv e d  to  m a in ta in  a  c h e m ic a l ly  i n e r t  a tm o sp h e re  o f  
n i t r o g e n  i n  th e  e le c t r o c h e m ic a l  c e l l .  The o u t l e t  i n  t u r n  
was c o n n e c te d  to  a  n o n - r e tu r n  g l a s s  t> n b b le r .
&
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C e l l  "B" 0?ig* 2 .2 )  was a  two arm c e l l  ( H - f o r m )  , e a c h  
arm  b e in g  a p p ro x im a te ly  15cm lo n g  an d  2cm i n  d ia m e te r  w i th  
th e  arm s jo in e d  b y  a  s m a ll  tu b e  (.5 cm lo n g  and  1 . 2 cm in  
d i a m e t e r ) . One arm  s e rv e d  f o r  d e g a s s in g  th e  s o l u t i o n  in  
v a cu o  by  a  s e r i e s  o f  e v a c u a t io n / f r e e z in g  c y c le s  t o  rem ove
d i s s o lv e d  oxygen . The d e g a s s e d  s o l u t i o n  was f l u s h e d  w i th
d ry  n i t r o g e n  and th e n  d e c a n te d  i n to  th e  se c o n d  arm w hich  
a c t u a l l y  s e r v e d  as th e  e le c t r o c h e m ic a l  c e l l ,  i n  w h ich  th e  
anode was su sp e n d e d  on a  p la t in u m  w ir e  e n t e r i n g  th ro u g h  a  
t e f l o n  p lu g ;  a  tu n g s te n  w i r e  r i n g  f u s e d  i n t o  t h e  s id e  o f  
th e  v e s s e l  be low  th e  anode s e r v e d  a s  th e  c a th o d e .
2 .3  Pow er S u p p ly  .
The pow er s u p p ly  u s e d  was a  C o u ta n t LQ 5 0 /5 0 , e a t a b l e  
o f  s u p p ly in g ' 'maximum 50 V D.C. and  500 mA.
2 .4  P u r i f i c a t i o n  and  D ry in g ' o f  S o lv e n ts  and  R eag en ts  
Due to  th e  e x tre m e  r e a c t i v i t y  o f  o r g a n o m e ta l l i c
compounds to w a rd s  w a te r  a l l ' s o l v e n t s  w ere  r i g o r o u s l y  
p u r i f i e d ,  h a n d le d  and  s t o r e d  u n d e r  n i t r o g e n . ^
A c e t o n i t r i l e
A c e t o n i t r i l e  " A .C .S ."  g ra d e  was d r i e d  b y  f i r s t  t r e a t i n g  
3a c e t o n i t r i l e  (500cm .) w i th  p h o sp h o ru s  p e n to x id e  th e n  
r e f l u x e d  w i th  f i n e l y  d iv id e d  c a lc iu m  h y d r id e  C3-4g) f o r  
5 h  an d  f i n a l l y  d i s t i l l e d  a t  b o i l i n g  p o in t  (8 1 .6 °C ) u n d e r  
n i t r o g e n .  A c e t o n i t r i l e  was s t o r e d  o v e r  L in d e  4A m o le c u la r  
s i e v e s . .
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A ce to n e
3
A n a l y t i c a l  g ra d e  a c e to n e  (500cm ) was s t i r r e d  w i th  
a n h y d ro u s  MgSO^ (5 g). a r td 'th e n  d i s t i l l e d  a t  th e  b o i l i n g  
p o i n t  ( 5 6 .2 ° C ) .  The d i s t ^ L l e d  a c e to n e  was s t o r e d  o v e r
B enzene f
\  3A n a l y t i c a l  g ra d e  b e n ze n e  (500cm  ) was d r i e d  by  
r e f l u x i n g  i t  w i th  sod ium  n a p h th a q u in o n e  (c a  5g) f o r  a  few  
h o u rs  and  th e n  d i s t i l l e d  u n d e r  n i t r o g e n  a tm o sp h e re  a t  th e  
b o i l i n g  p o i n t  (8 0 .1 ° C ) . D i s t i l l e d  b en zen e  was s t o r e d  o v e r  
s t r i p s  o f  sod ium .
D ie th y l  e t h e r
3
A nhydrous d i e t h y l  e t h e r  (500cm ) was s t i r r e d  f o r  12 
h o u rs  w i th  C a C ^  (5 g) , f i l t e r e d ,  r e  f lu x e d  o v e r  sod ium  w ire  
f o r  3h  an d  d i s t i l l e d  a t  3 4 .6 °C . I t  was s t o r e d  o v e r  
c a lc iu m  h y d r id e  i n - a  d a rk  and  c o o l  p l a c e .
1 .4 -d io x a n e
i  I  ■ —  -  —
1 .4 - d io x a n e  was p u r i f i e d  b y  r e f l u x i n g  o v e r  sod ium , 
u n t i l  th e  s u r f a c e  o f  th e  m e ta l  was n o t  f u r t h e r  o x id iz e d .  
The s o l v e n t  w as th e n  d i s t i l l e d  a t  b o i l i n g  p o i n t  (1 0 1 .3 ° )  
and  s t o r e d  o v e r  c a lc iu m  h y d r i d e .
D im e th y l su lp h o x id e
I t  was d r i e d  o v e r  L in d e  ty p e  4A m o le c u la r  s i e v e .
L in d e  m o le c u la r ^ s i e v e s .
(   ____
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Hexane
D i s t i l l e d  fro m  sod ium  u n d e r  n i t r o g e n  a t  i t s  b o i l i n g  
p o i n t  (63°C} * «
M eth an o l ■ *
A nhydrous m e th a n o l was o b ta in e d  from  a b s o lu te  m e th a n o l
'VV
b y  , r e f l u x i n g  i t  w i th  c a lc iu m  h y d r id e  f o r  2h . The s o lv e n t  
was th e n  d i s t i l l e d  o f f  a t  b o i l i n g  p o i n t  (d 4 .5 °C ) i n  a  d ry  
n i t r o g e n -  a tm o sp h e re  .and c o l l e c t e d  o v e r  L inde  ty p e  4A 
m o le c u la r  s i e v e s .
n -  P e n ta n e
D rie d  o v e r  anh y d ro u s , m agnesium  s u lp h a te  o r  sod ium
* . *• ' 
s u lp h a te  and  th e n  P20 5 ^ ' d i s t i l l e d  a t  th e  b o i l i n g  p o i n t
C 36.I°C ) and  s t o r e d  o v e r  sod ium  s t r i p s .
P e tro le u m  E th e r  .
P e tro le u m  e t h e r  was s t i r r e d  w i th  CaCl2 o r  Na2S0^ f o r  
12  h o u rs  , f i l t e r e d  an d  f u r t h e r  d r i e d  o v e r  sod ium  w i r e .
>
T e tra h y d ro fu x a n
3H T e t r a h y d r o f u ra n  C500cm 1 was r e f l u x e d  w i th  L iA lH ^ C.3g)
f o r  3 h o u rs  and  th e n  d i s t i l l e d  u n d e r  n i t r o g e n  a t  i t s  b o i l i n g '
p o in t  C 65 .4°C ). The d i s t i l l e d  s o l v e n t  was s t o r e d  above
c a lc iu m  h y d r id e .
■ , N , N * , N1 -T e  tra m e th y  l e  th y  le n e  d i  am ine
N’N,Nf ,N '-T e tr a m e th y le th y le n e d ia m in e  w a s 'r e f  lu x e  d w i th
A
,XOH p e l l e t s  an d  d i s t i l l e d  u n d e r  n r t r o g e n  a t  i t s  b o i l i n g  
po’i n t  122°C .
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AlkyX an d  A ry l H a l id e s
The a l k y l  an d  a r y l  h a l i d e s  u s e d  f o r  th e  p r e p a r a t i v e  
w ork w ere  o f  A .C .S . g ra d e  and  th e  p r o d u c ts  o f  F i s c h e r ,  
A ld r i c h ,  B ak er o r  P .C .R . They w ere  d r i e d  o v e r  L in d e  4A 
m o le c u la r  s i e v e s ,  e x c e p t  CH^Br and -C F ^I w h ic h -b e c a u se  o f  
t h e i r  v e ry  low  b o i l i n g  p o in t  w ere  u s e d  w i th o u t  f u r t h e r  
p u r i f i c a t i o n .
D i- is o p ro p y la ra in e
T h is  was u s e d  w i th o u t  any  p u r i f i c a t i o n  an d  was th e  
p r o d u c t  o f  " A l d r i c h " . '
2 , 2 , 6 , 6 - T e t r a m e th y lp ip e r id in e
I t  was th e  p r o d u c t  o f  " A ld r ic h "  an d  u se d  w i th o u t  any 
p u r i f i c a t i o n .
4
1 , 1 , 1 , 3 , 3 , 3 -H e x a ra e th y ld is i la z a n e
I t  was su p p lie d -  by  " A ld r ic h "  and  was u s e d  w i th o u t  any 
f u r t h e r  p u r i f i c a t i o n .
2 .5  P h y s i c a l  M easurem ents
The i n f r a r e d  s p e c t r a  b e tw een  50-4000cm - ^ w ere  r e c o rd e d  
w i th  Efeckman I .R -1 2  a n d /o r  P e rk in -E lm e r  180 in s t r u m e n t s ,  
u s in g  ’ N u jo l ' m u ll  b e tw een  KBr o r  C sl p e l l e t s  as  a p p r o p r i a t e .  
The Raman S p e c t r a  w ere  r e c o r d e d  on a  Beckman 700 l a s e r  
Raman (A rgon io n  4 8 8 .0  nm e x c i t a t i o n )  in s t r u m e n t ,  and  th e  
N.M.R. S p e c t r a  w i th  V a r ia n  EM-360 in s t r u m e n t  o p e r a t in g  a t  
60 MHZ.'
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The m ass s p e c t r a  w ere  r e c o r d e d  w i th  V a r ia n  MAT CH-5DF 
m ass s p e c t r o m e te r ,  e q u ip p e d  w i th  a  com bined  F . d / F . i / C . i  
s o u r c e .  A l l  s p e c t r a ,  w ere  r e c o r d e d 'th o u r g h  a n ..In c o s  m odel 
2 0 0 0  co m p u te r i n t e r f a c e d  w i th  t h e  ,m ass _ s p e c t r o m e te r .
C o n d u c t iv i ty  M easurem ent
C o n d u c t iv i ty  m easu rem en ts  w e re  p e rfo rm e d  w i th  10 
s o l u t i o n s  i n  a c e t o n i t r i l e .  A P h i l l i p s  c o n d u c t iv i ty  b r id g e  • 
PR 9501 an d  a  c e l l  3402 C a l lo w  S p r in g  I n s t r u m e n t  Co.' I n c . )  
h a v in g  a  c e l l  c o n s ta n t  0 .1 0 6  w ere  u s e d  to  m easu re  th e  
c o n d u c t i v i t y .
2 .6  A n a l y t i c a l  T ech n iq u es
M e ta l a n a l y s i s  w ere  d e te rm in e d  b y  a to m ic  a b s o r p t io n  
s p e c t r o s c o p y ,  u s in g  an  IL -2 5 0  a to m ic  a b s o r p t io n  e m is s io n  
s p e c t r o p h o to m e te r .  • • -
The a p p a r a tu s  was c a l i b r a t e d  w i th  m e ta l  s t a n d a r d
3 ' "s o l u t i o n s  r a n g in g  i n  .c o n c e n tr a t io n  fro m  1 to  IQ mg/cm . 
H a lo g en  A n a ly s is
78 ■The V o lh a rd  m ethod  was u s e d  f o r  h a lo g e n  a n a ly s e s .
A sam ple  o f  a p p ro x im a te ly  20 -35  mg was d i s s o lv e d  i n  5 0 -80
3 3cm d i s t i l l e d  w a te r  to  w h ic h  5cm c o n c e n t r a te d  n i t r i c  aci-d
was ad d ed , f o l lo w e d  by .-a  known e x c e s s  o f  s t a n d a r d  s i l v e r
3 3 ■n i t r a t e ,  5cm n i t r o b e n z e n e  and  2cm f e r r i c  alum  i n d i c a t o r
s o l u t i o n .  The e x c e s s  AgNO^ was th e n  t i t r a t e d ,  w i th  v ig o ro u s
a g i t a t i o n  a g a i n s t  s t a n d a r d  p o ta s iu m  th io c y a n a te ,  u n t i l  th e
r e d  brow n c o lo u r  o f  FeSCN^+  was o e rm a n en t fo r, 1 m in u te .  •
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Gas A n a ly s is
Gas a n a ly s e s  w ere  c a r r i e d  o u t  b y  decom posing  th e  known 
q u a n t i t y  o f  s u b s ta n c e  w i th  a c e t i c  a c id  an d  m e a s u r in g  th e  
am ount o f  g as  e v o lv e d , c o r r e c t e d  to  STP.
2 .7  M easurem ent o f  C u r re n t  E f f i c i e n c y
. The c u r r e n t  e f f i c i e n c y  i s  'd e f in e d  a s  th e  num ber o f  
m o les o f  m e ta l  d i s s o lv e d  p e r  F a ra d a y  o f  e l e c t r i c i t y .  The 
m easu rem en t was c a r r i e d  o u t  a t  a  c o n t r o l l e d  c o n s ta n t  c u r r e n t . ,  
u n d e r  e x a c t l y  t h e  same c o n d i t io n s  a s  i n  th e  a c tu a l -  e x p e r i ­
m ent i n  w h ich  th e  p r o d u c ts  w ere  i s o l a t e d  an d  c h a r a c t e r i z e d .  
The e l e c t r o d e  w h ich  u n d e rg o e s  d i s s o l u t i o n  i s  w e ig h ed  b e f o r e  
and  a f t e r - e l e c t r o l y s i s , an d  th e  num ber o f  m o les d i s s o lv e d  
so  c a l c u l a t e d .
The a m o u n t o f  . e l e c t r i c i t y  p a s s e d  th ro u g h  th e  c e l l  i n  
F a ra d a y s  i s  a l s o  c a l c u l a t e d .
Number o f  F a ra d a y s  = I  (Amp) x  t ( S e c )
I  = th e  c o n t r o l l e d  c o n s ta n t  c u r r e n t .
-t  = t h e  tim e  o f  e l e c t r o l y s i s
and  I x t  -  th e  num ber o f  c o u lo m b s.
F = F a r s ^ a y s ’ C o n s ta n t  = 96500 Coulom bs.
Then E— = num ber o f  m o le s - d i s s o lv e d  • 
m r m h p .-r  o f  F a r a d a y R  . ~
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CHAPTER I I I
THE DIRECT ELECTED CHEMICAL SYNTHESIS OF 
• —  NEUTRAL ORGANO CADMIUM HALIDES
3 .1  I n t r o d u c t i o n  *
The se c o n d  member o f  g ro u p  IT b o f  th e  p e r i o d i c  t a b l e
i n  cadmium (Z * 4 8 , a to m ic  w e ig h t  1 1 2 .4 0 ) ,  d i s c o v e r e d  b y
S tro m e y e r  i n  1817 i n  z in c  i m p u r i t i e s . I t  i s  a  b l u e i s h - w h i t e
s o f t  m e ta l .  The o r g a n ic  compounds o f  g roup  I I  su b -g ro u p
"b "  e le m e n ts  show a  m ost s t r i k i n g  g r a d a t io n  o f  p r o p e r t i e s
an d  c h e m ic a l . . ; r e a c t iv i ty , ru n n in g  p a r a l l e l  to  th e  e l e c t r o n e -
79g a t i v i t y  o f  th e  e le m e n ts .
M e ta ls  su c h  a s . z i n c , cadmium and  m erc u ry  w h ich  a r e  m ore 
e l e c t r o n e g a t i v e  th a n  m agnesium  fo rm  o r g a n ic  compounds w h ich  
a r e  c o m p a ra t iv e ly  n o n  r e a c t i v e  and  w h ic h  u n d e rg o  few er 
u s e f u l  c h e m ic a l  r e a c t i o n s  th a n  th e  m agnesium  a n a lo g u e s .
The o r g a n ic  d e r i v a t i v e s  o f  z in c ,  cadmium and m e rc u ry  
a r e  c o v a le n t  compounds o f  n o rm a l s t r u c t u r e .  T hese e le m e n ts  
do n o t  h a v e  s u f f i c i e n t  te n d e n c y  to  i n c r e a s e  t h e i r  c o o rd in a ­
t i o n  num ber above th e  g roup  v a le n c y  o f - tw o  to  g iv e  r i s e  to  
many compounds w i th  e l e c t r o n - d e f i c i e n t  s t r u c t u r e s .  The 
d e c r e a s e  o f  r e a c t i v i t y  w i th  i n c r e a s in g  e l e c t r o n e g a t i v i t y  
i n  th e  s e q u e n c e , z in c ,  cadmium, m e rc u ry  i s  i l l u s t r a t e d  by  
th e  b e h a v io u r  o f  th e  lo w e r a lk y l s  to w a rd s  w a te r .  O rgano- 
cadmium compounds a r e  l e s s  th e r m a l ly  s t a b l e  th a n  th e  
o r g a n ic  compounds o f  z in c ,  and l e s s  w ork  h a s  b e en  p u b l i s h e d  
on th e s e  compounds th a n  f o r  th e  o t h e r  members o f  Group l i b .  •
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The m ain  i n t e r e s t  i n  organocadm ium  compounds h a s  
c e n t r e d  on t h e i r  a p p l i c a t i o n  i n  o r g a n ic  s y n t h e s i s .
3 . 2 S y n th e s is  o f  Or gano cadmium Compounds 
L i t e r a t u r e  S u rv e y :
80C h e n a u lt  an d  T a l ib o n e t  show ed t h a t  cadmium w i l l
r e a c t  w i th  a l k y l  i o d id e s  (.* R I) ( b u t  n o t  c h lo r i d e s '  o r  
b ro m id e s )  i n  h e x am e th y lp h o sp h o ra m id e  (=  HMPA) , an d  i s o l a t e d  
b o th  C dl2 . 2HMPA an d  CdJ^-^HMPA from  th e  r e a c t i o n  m ix tu r e .
An im p ro v ed  m eth o d  f o r  th e  i s o l a t i C ^ S o f  d ia lk y lc a d m iu m  
in v o lv e s  a  r e a c t i o n  b e tw e e n  a l k y l  m agnesium  b ro m id e  and
Cl
cadmium b ro m id e  i n  th e  p r e s e n c e  o f  E t 2 0  a s  a  s o lv e n t .
•E t«0
2RMgBr +  CdBr2 --------------   > + 2 MgBr2
■ 2MgBr2_ 2HMPA t ^  I '  .
w here  (R = Me, E t ,  P r  and  B u ) . The a d d i t i o n  o f  HMPA to  th e  
d i e t h y l  e t h e r  s o l u t i o n  o f  th e  " i n  s i t u "  a lk y lca d m iu m  . ' 
r e a g e n t  c a u se s  p r e c i p i t a t i o n  o f  an  i n s o l u b l e  m agnesium  
h a l i d e  com plex w h ich  can  b e  i s o l a t e d  by  f r a c t i o n a l  d i s t i l ­
l a t i o n  o f  th e  d ia lk y lc a d m iu m  compound.
82Gaudemar h a s  o b ta in e d  an organocadm ium  a n a lo g  o f  
th e  w e l l  known R e fo rm a tsk y  r e a g e n t  from  th e  r e a c t i o n  o f  
t e r t - b u t y l  o c -b ro m o a c e ta te  w i th  m e t a l l i c  cadmium i n  DMSO. 
The IR  d a ta  f o r  th e  p r o d u c t  s u g g e s te d  t h a t  i t  h a s  a 
C - m e ta l l a te d  s t r u c t u r e .
0  DMSO 0
DMSO 1 NBr-CHo-C -0 - t~ B u -+  Cd :  * B rC dC H ~ -C -0-t-8n2 , 2
DMSO
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83Ashby- and  S a u n d e rs  p u b l i s h e d  a  d e t a i l e d  p ro c e d u re  f o r  th e
• p r e p a r a t i o n  o f  d i-n -b u ty lc a d m iu m  w h ich  was o b ta in e d  as a
c o lo u r l e s s  l i g h t  s e n s i t i v e  l i q u i d .
E t« 0
2-n-BuM gCl +  CdCl2 —   > n -B u 2Cd + MgCl2 .
^  -7 8 °
They h a v e  a l s o  i n v e s t i g a t e d  i n  d e t a i l  th e  n a tu re "  o f  th e
compound o b ta in e d  by  r e a c t i n g  G r ig n a rd  r e a g e n t  w i th
C d ^  CX = C l ,  B r , I )  i n  1 /1  and  2 /1  m o la r  r a t i o  i n  d i e t h y l
83e t h e r .  The f o l lo w in g  e q u a t io n  shows th e  e q u i l i b r a .
RMgX +  CcD^  > R CdX > MgX£ t ■ RCdX. M g ^
2RMgX +  C d X ^  > RjCd +  R2 Cd. +  M g ^ .
R ^ d  +  C d ^  2RCdX.
RCdX. I^lg^ h a s  b e e n  i s o l a t e d  from  1 /1  r e a c t i o n  m ix tu r e .  
I n f r a r e d  r e s u l t s  s u p p o r t  th e  c o n c lu s io n  t h a t  b o th  CdX2 and  
HgX2 c o o r d in a te  t o  n -B ^ C d  i n  e i t h e r  Cl) o r  s i n g l e  CH) 
h a lo g e n  b r id g e - a r r a n g e m e n ts .
Cd -----  X  M   X
I I .
D iv in y lcad m iu m  h a s  b e e n  s y n th e s i s e d  b y  r e a c t i n g  d i v i n y l -  
m e rc u ry  and  d im ethy lcadm ium .
HgCCH=CH2 ) 2 +  CdCCH3 ) 2 --------> CH3HgCH=CH2 +  CH3 CdCH=CH2 ^
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2CR3CdCR«CH2- ? = *  CdCCH3>2 +  CdCCH=CH2l  (2)
CH3 CdCH-CH2' +  HgCCH=CH^)2 ^ = ?  CH3HgCH=CH2 +  cdCCH»CH2 ) 2
O l
S te p  2 i s  th e  p re d o m in a n t p a t h  f o r  th e  fo rm a t io n  o f  
d iv in y lc a d m iu m . CdCCH=CH2 l 2 i s  a  r e a d i l y  s u b l im a h le  
c r y s t a l l i n e  s o l i d ,  w h e reas  ZnCCH=CH2 ) 2 and  HgCCE=CH2 )_2 
a r e  r e l a t i v e l y  i n v o l a t i l e  l i q u i d s .
S e v e r a l  p ro c e d u re s  f o r  th e  p r e a p r a t i o n  o f  p e r h a l o - a r y l -  
cadmium d e r i v a t e s  h a v e  b een  r e p o r t e d .  I n  one o f  t h e s e  th e  
th e rm a l  d e c a r b o x y la t io n  o f  cadmium p e n ta c h lo ro b e n z o a te  
g iv e s  an  e x c e l l e n t  s y n th e s i s  o f  b is C p e n ta c h lo ro p h e n y l)  
cadmium. ^
CdCC2 C l5 C0 2) 3 4 0 ° /0  .01  mm  ^ Cd(.C6 C l5 ) 2 +  2 C02 -
B i^ X p e n ta f lu o ro p h e n y l)  cadmium h a s  a l s o  b e e n  o b ta in e d  by
h e a t in g  b i s  ( p e n ta f lu o r o p h e n y l)  t h a l l iu m  w i th  m e t a l l i c
86cadmium in  t h e  a b se n c e  o f  s o l v e n t .
CCgF5) 2T iB r +  Cd 100° /5  days ) CC6F5‘) 2Cd + T lB r .
87D y a tk in  e t  a l .  h a v e  r e p o r t e d  th e _ p re s e n c e  o f  m e th y l 
t r if lu o ro m e th y lc a d m iu m  and  b i s t r i f lu o r o m e th y lc a d m iu m  in  
s o l u t i o n ,  b u t  th e s e  compounds w ere  n o t  i s o l a t e d .  D y a tk in  
a l s o  c a r r i e d  o u t  some s t u d i e s  on a lk y l ,  g ro u p  ex ch an g e  
b e tw een  dim e th y  Icadm ium  and  .b i s  ( t r i f lu o r o m e th y l) 'm e r c u r y  
and th e  r e s u l t s  w ere  d i s c u s s e d  i n  te rm s  o f  fo l lo w in g  
e q u i l i b r i a .
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CCF3) 2Hg +  CCH3 ) 2Cd ■ >  CH3HgCF3 +  CH3 CdCF3 C4)
CCF3) 2Hg +  CH3 CdCF3 — ► C^3HgCF3 +  CCF3) 2Cd C5)
(CH3>2Cd +  CH3HgCF3 — ----- ► CCH3) 2Hg +  CF3 CdCF3 C6)
CCH3) 2Cd +  CCF3) 2Cd :----- ► 2 CH,CdCF,,3 3 C7)
D ie th y lcad m iu m  d i f f e r s from  d i e t h y l z i n c  i n  r e a c t i v i t y  w i th
CCl^. D ie th y lz in c  w i th  CC14  g iv e s  z in c  c h lo r id e ',  w h e rea s  
d ie th y lc a d m iu m  does n o t .  H ow ever, i f  th e  r e a c t i o n  i s  
c a r r i e d  o u t  i n  th e  p re s e n c e  o f  c y c lo h e x e n e , th e n  E tC d l i s  
fo rm ed .
Cadmium m e ta l  r e a c t s  w i th  p e n ta f lu o ro io d o b e n z e n e
in  a  v a r i e t y  o f  d i f f e r e n t  c o o r d in a t in g  s o lv e n ts  su c h  a s
THF, and  DMSO to  g iv e  a lm o s t q u a n t i t a t i v e  y i e l d s  o f
88p e n ta f lu o ro p h e n y lc a d m iu m  io d id e .
Cd +  C6F5I  ---------- : CgF5 C dI.
A d iG r ig n a rd  r e a g e n t  in  1 /1  r a t i o  w i th  cadmium h a l i d e  form s 
a compound w h ic h  s u b s e q u e n t ly  was fo u n d  to - b e  a  m onom eric
•89cadmium h e t e r o c y c l e  .which h a s  b e e n  i s o l a t e d  by  d i s t i l l a t i o n .
CdBr2 +  BrMgCCH2 ) 4MgBr --------
The h a l f  r e a c t i o n  o f  d iG r ig n a rd  r e a g e n t  w i th  cadmium h a l i d e
form s an  organocadm ium  compound o f  th e  ty p e  XCdCCI^^CdX
th e  r e a c t i v i t y  o f  w h ich  d i f f e r s ,  f r o m . th a t  o f  th e  m onom eric
90cadmium h e te r o c y c le  fo rm ed  i n  1 / 1  r e a c t i o n .
2 CdBr2 + BrMgCCH2) 4MgBr --------- > BrCd(CH2 ) 4 CdBr +. 2MgBr2 . •
91I n  a  r e c e n t  co m m u n ica tio n , -a  new m ethod  h a s  b e e n  
p ro p o s e d  f o r  th e  fo rm a t io n  o f  I^C d . A c tiv e  cadmium and  
z in c  s l u r r i e s  w ere  p r e p a r e d  by  th e  c o c o n d e n s a t io n  o f  th e  
m e ta l  v a p o u rs  w i th  e x c e s s  s o lv e n t  a t  73°K fo l lo w e d  by
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w arm ing to  room  te m p e r a tu re .  The m e ta l s  w ere  th e n  a llo w e d
to  r e a c t  w i th  a l k y l  b ro m id e  and  io d id e  i n  s e v e r a l  s o l v e n t s ;
b o th  p o l a r  and  n o n p o la r .
Cd v a p o u rs  +  h ex an e  77^C Cd- h e x a n e  s l u r r y  .
warm
%
I^'Cd +  C d l2 RI
r e f l u x
An' im proved  m eth o d  f o r  th e  s y n t h e s i s  o f  d ic y c lo p e n ta d ie n y l -
92cadmium h a s  b e en  r e p o r t e d  by  J ,  L o r b e r th .  A c id o ly s is  o f  
b is C tr im e th y I s i ly la m in o )c a d m iu m  w i th  c y c lo p e n ta d ie n e  in  
E t 2 0 a t  room  te m p e ra tu re  g iv e s  d ic y c lo p e n ta d ie n y lc a d m iu m  
i n  h ig h  y i e l d  and  p u r i t y .
Cd£NCSiMe3 ) 2 ] 2 +  2C5H6 C ^ H ^ C d  +  2 H N C S iM e ^ .
3. 3 Organocadm ium  as  an  A lk y la t i n g  R eag en t
93B ir c h  and  P e a rs o n  h a v e  r e p o r t e d  a  m ethod  f o r  th e  
a p p l i c a t i o n  o f  a ■ ■‘t r i c a r b o t iy lc y c lo h e x a d ie n y l i r o n  c a t i o n i c  
com plex  w i th  organocadm ium  r e a g e n t  i n  d ry  THF c o o le d  to  
0°C u n d e r  n i t r o g e n .  A lk y la t i o n  o c c u rs  on th e  o p p o s i te  s id e  
o f  th e  r i n g  to  th e  F e (£ 0 ).3 g ro u p . The r e a c t i o n  i s  fo u n d  to  
b e  r e g i o s e l e c t i v e  i n  th e  two s u b s t i t u t e d  s a l t s  (1 ,  R* = Me 
o r  MeO) show ing  g r e a t e r  th a n  90% a d d i t i o n  to  C-5 to  g iv e  „
C2, R' = Me o r  MeO).
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CCO)3Fe
R*
2
R'
H
H
H
H'
E
R"
ch2 = chch ,
He2CH 
■ MeCH=CH 
Ph 
PhCH„
H
Cd
Cd
Cd
Cd
Cd
Y ie ld  % 
82 
• 52 
40 
83 • 
72
,94B irc h  and  P e a rs o n  f u r t h e r  r e p o r t e d ^ -’ th e  ' a l k y l a t i o n  o f  
t r i c a r b o n y l d i e n y l  i r o n  s a l t  w i th  organocadm ium  r e a g e n t s .
The t r i c a r b o n y l  ( 2 -m e th y lc y c lo h e x a d ie n y l)  i r o n  c a t io n  r e a c t s  
r e g i o s e l e c t i v e l y , m a in ly  a t  th e  u n h in d e re d  te rm in u s  and 
s t e r e o s p e c i f i c a l l y  on th e  f a c e  o p p o s i te  to  th e  Fe(C 0 ) 3 
g ro u p , and  th e  c o r r e s p o n d in g  a l k y l a t e d  t r  i  c a rb o n y l  eye lo h ex a - 
d ie n e  i r o n  was o b ta in e d .
CCO) 3Fe
R* 
: +
R"„Cd CCO)3Fe
X Orgahocadmium
X = BF^ _ o r  PFg . _
3 .4  C o - o r d in a t io n  C o m p le x 'w ith  L ig a n d s  n o t  C o n ta in in g  
A c id ic  H ydrogen
I n  c o n t r a s t  to  d im e th y Iz in c  w h ich  fo rm s a  s t a b l e
2 , 2 T - b i p y r i d i n e  com plex  Me2Zn b i p ^  dime th y  lcadm ium  form s
an  u n s t a b le  com plex  Me2Cd b ip y ,  a l s o  c o lo u r e d  y e l lo w , from
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X
w h ic h  dim e th y  lcadm ium  can h e  pumped a t  room  te m p e ra tu re
95le a v in g  a  r e s i d u e  o f  2 , 2 ’ - b i p y r i d i n e .
M ix tu re  o f  dime th y  lcadm ium  an d  - d io x a n e  in  1 :1  m o la r  
p r o p o r t io n  a r e  v e ry  l a r g e l y  d i s s o c i a t e d  i n t o  t h e i r  compo­
n e n ts  i n  b e n z e n e  s o l u t i o n ,  th e  c o r r e s p o n d in g  Me2Z n -d io x a n e  
m ix tu re  b e in g  o n ly  v e ry  s l i g h t l y  d i s s o c i a t e d  u n d e r  th e  same
c c n d i c t i o n s . D im ethylcadm ium , h o w ev er, fo rm s a  s e r i e s  o f
96com plexes w i£h  c h e l a t i n g  d iam in e  (TMED) and  d i e t h e r s .
3 . 5 Some C hem ica l P r o p e r t i e s  o f  Organocadm ium  Compounds 
1^ 2 Cd r e a c t s  w i th  compounds h a v in g  r e a c t i v e  S-H, C-H, 
0-H , P-H , S i-H , Ge-H e t c . , bo n d s t o  g iv e  th e  f o l lo w in g  ' 
com pounds, and  e l i m in a t i n g  RH. ‘ - .
r e f .  99 ( E t3 S i ) 2Cd *
E t,S iH  R’ OH
*---- —  » RCdOR' r e f .  97
Et^G e-H
' .PhC-C-H £Pilc=C )2 Cd x e f .  97a
tBuSH
r e f .  100 CEc3 G e)2Cd ^--------- ’ CdB -^--------- > RCdS-Bu* r e f .  97
X  Me,SiOH
r e f .  101 MeCdOSiMe- <r
r ' 2ph
> RCdPR’o r e f .  983 ^ 2
3 . 6  A p p l i c a t io n s  i n  O rg a n ic  S y n th e s is
The m o st im p o r ta n t  r e a c t i o n  o f  organocadm ium  compounds •
in  o r g a n ic  s y n th e s i s  i s  w i th  a c id  c h lo r id e s  t o  fo rm ed  k e t o n e s .
A sym m etric  k e to n e s  h a v e  b e e n  s y n th e s i s e d  by  r e a c t i n g  d ic y c lo -
102hexy lcadm ium  w i th  a c e y l  o r  b e n z y l  . .h a lid e .
E t - 0
CdCCgH1 1 ) 2 +  2RC0C1 — 2CgH11COR +  CdCl2 .
Cwhere R = Me, Ph)
P h o sg en e  w i th  d iphen y lcad m iu m  i n  2 /1  m o la r  r a t i o  gave 
b en zo p h en o n e  r a t h e r  th a n  b e n z o y l  c h l o r i d e ,  i n d i c a t i n g  t h a t
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1 0 3b e n z o y l  c h lo r i d e  r e a c t s  m ore r a p i d l y  th a n  p h o sg e n e .
0  0  '
II II
C6R5 "C“ C1 +  CPh) £ c 3. --------   > G5H5C   P_h>f. PhC dC l.
<*
T h is  p r e p a r a t i v e  m ethod  i s  m ore c o n v e n ie n t  th a n  th e  d i r e c t  
*•
u se  o f  G r ig n a rd  r e a g e n t ,  s in c e  G r ig n a rd  r e a g e n t s  com bine.
<
n o t  o n ly  w i th  a c id  h a l i d e s  b u t  a l s o  w i th  th e  k e to n e s  
p ro d u c e d .
p» B - h y d ro x y e s te r s  hav e  b e e n  o b ta in e d  u s in g  an  o rg a n o -  - 
cadmium a n a lo g  o f  th e  R ef o rm a tsk y  r e a g e n t . b u t  o rg a n o z in c  
•a p p e a rs  to  b e  s u p e r i o r  f o r  su c h  r e a c t i o n s .
• 0 0 OH 0
!( t- I1 m e n  i 11 <-
BrCdCH2 C -0-B u +  P r-C -H  - g ^ - > Pr-CH -CH^-C-O-Eu .
Jo n e s  and  C a s ta n z o  hav e  s t u d i e d  th e  m echanism  o f  d i s p l a c e ­
m ent o f  th e  h a lo g e n  from  a  s a t u r a t e d  c a rb o n  atom  by 
phenylcadm ium  c h lo r i d e .  I t  h a s  a l s o  b e e n  shown' t h a t  th e  
d is p la c e m e n t  r e a c t i o n  p ro c e e d s  w i th  r a c e m in iz a t io n .  The 
f r e e  r a d i c a l  in te r m e d ia t e  was d e te c t e d  b y  i t s  E .S .R .;  s i g n a l .  
The m echanism  was a l s o  c o n firm e d  b y  th e  fo rm a t io n  o f  (.-) 
m e th y lh y d ro t r o p a te  from  (K) -  (+) b ro m o p ro p io n a te  when th e  
. s t a r t i n g  e s t e r  was o p t i c a l l y  s t a b l e .
0  0 .
.11 ' ‘ 607 II
■G 0-C+) CH3 - o i - C r vocH3 +  P h c d c i  c+) ch3 - ch- c - och3 . .
B r 2 X  . Ph
Emptoz and  H u e t ^ ^  hav e  r e p o r t e d  t h q t  when dime th y  lcadm ium , 
d iph en y lcad m iu m  o r  d i-p -p o ly lc a d m iu m  w ere  r e a c t e d  w i th  
b e n z y l  h a l i t e  i n  b e n ze n e  o r  e t h e r ,  th e  s u b s t i t u t e d ; .p r o d u c t s  
PhCH2R w ere  fo rm ed ;, i n  some c a s e s  s m a l l  am ounts o f  th e
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c o u p l in g  p ro d u c ts  P h C ^ G ^ P h  w ere  a l s o  fo u n d . When th e  
r e a c t i o n s  w ere  c a r r i e d  o u t  i n  b e n ze n e  s o l u t i o n ,  th e  a l k y l a -  
t io h - :p f~ th e  b e n z e n e  was o b s e rv e d  and th e  r e a c t i o n  r a t e  - 
. 'i n c r e a s e d  c o n s id e r a b ly .  The p re s e n c e s  o f  MgBr2 h ad  an o v e r ­
a l l  a c c e l e r a t i n g  e f f e c t ,  b u t  a l s o  i n c r e a s e d  th e  am ount o f  
th e ;  c o u p lin g  p r o d u c t . D ip h e n y l cadmium was fo u n d  to
r e a c t  w i th  b e n z e n e  s u lp h o n y lc h lo r id e  i n  b e n z e n e  o r  e t h e r  
S o lu t io n  to  y i e l d  d ip h e n y ls u lp h o n e s  a n d  b ip h e n y lb e n z e n e s u l -  
p h o n ic  a c i d  a lo n g  w i th  s m a ll  am ounts o f  c h lo ro b e n z e n e  
S i m i l a r l y ,  d iph en y lcad m iu m  r e a c t s  w i th  p -  to lu e n e  
s u lp h o n y lc h lo r id e  to  g iv e  p -  t o ly lp h e n y ls u lp h o n e s , b ip h e n y l  
. and  to lu e n e  s u lp h o n ic  a c id .
Cc 6H5) 2 cd  +  2 KS02 C1   > 2 RS02 C6H5 +  CdCl2
C C g H ^ C d  +  RS02 C1 ----------------- =— > C6H5 C6R5 +  RS02 CdCl
+  CRS02) 2Cd +  CdCl2
3 .7  E le c t r o c h e m ic a l  P r e p a r a t i o n  o f  N e u t r a l  Organocadmium  
H a l id e s  • "
Organocadm ium  h a l i d e s  'c a n n o t b e  p r e p a r e d  ‘b y  d i r e c t
c a t a l y t i c  o r  p h o to c h e m ic a l  r e a c t i o n  o f  th e  m e ta l  an d
79o r g a n ic  h a l i d e .  The w ork r e p o r t e d  in  t h i s  p a r t  o f  th e  
t h e s i s  d e a l s  w i th  th e  d i r e c t  e le c t r o c h e m ic a l  p r e p a r a t i o n  
o f  organocadm ium  h a l i d e s ,  an d  th e  c h e m ic a l c h a r a c t e r i z a t i o n  
an d  v i b r a t i o n a l  s p e c t r a ,  o f  th e  com plexes .
F o o tn o te : The e l e c t r o c h e m ic a l  p r e p a r a t i o n  o f  n e u t r a l  ”
organocadm ium  h a l i d e s  h a s  b e e n  c a r r i e d  o u t in  
c o l l o b o r a t i o n  w i th  D r. J .  J .  H abeeb .
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G e n e ra l
I n  g e n e r a l  th e  e le c t r o c h e m ic a l  s y n th e s e s  w ere  c a r r i e d  
' c u t  i n  tw o d i f f e r e n t  c e l l s  0 ? ig - C2 . l l  and  (2 . 2 ) ,  d e p e n d in g  
u p o n  th e  a l k y l  o r  a r y l  h a l i d e s  u s e d .
Cadmium m e ta l  (.A lfa I n o r g a n ic s )  was f a l t t e n e d  o u t  in  a 
fo rm  o f  a  s h e e t  . C.6 cm to  2 .5  cm .by 0 .1 5  mm) o f  3'.5 to  0 .8  
cm by  0 . 1 2  mm) a g a in  d e p e n d in g  upon  th e  c e l l  u s e d , and 
s u p p o r te d  on p la t in u m  w i r e .  The c a th o d e  was a  p la t in u m  
w ir e  CIO cm lo n g  and  1 d ia m e te r )  o r  s e m ic i r c u l a r  fo rm  o f  
tu n g s te n  w ir e  f u s e d  i n t o  th e  p y re x  g l a s s  -v esse l'.
The s o l u t i o n  p h a se  c o n s i s t e d  o f  an  a l k y l  o r  a r y l  h a l i d e ,  
i n  some o r g a n ic  s o lv e n t  w i th  o r  w i th o u t  l i g a n d s .
I n  a l l  e x p e r im e n ts  Et^NClO^ o r  Et^N Br (10-20m g) w ere  
u s e d  to  e n h an ce  th e  c o n d u c t iv i t y  o f  th e  s o l u t i o n .  S o lu t io n  
c o m p o s it io n  and  a n a l y t i c a l  d a ta  i n  e a c h  and  e v e ry  e x p e rim e n ­
t a l  s e tu p  i s  g iv e n  i n  T a b le s  3 ,1  an d  3 .2 .
The a p p l i e d  v o l ta g e  was 20 -  50 V, as d i c t a t e d  by  th e  
s o l u t i o n  c o n d i t i o n s ,  g iv e n  t h a t  a  c u r r e n t  o f  10-50  mA 
p ro d u c e d  a  r e a s o n a b le  r a t e  o f  r e a c t i o n  a t  room , t e m p e r a tu r e . 
I n  some c a s e s  e x t e r n a l  c o l l i n g  was n e c e s s a r y ,  e s p e c i a l l y  
when v e ry  v o l a t i l e  a l k y l  h a l i d e s  w ere  u s e d  in  th e  e l e c t r o ­
c h e m ic a l r e a c t i o n s .
I t  was a l s o  o b se rv e d  t h a t  th e  s u r f a c e  o f  th e  cadmium 
m e ta l  e l e c t r o d e s  te n d e d  to  d i s t i n t e g r a t e  p h y s i c a l l y  d u r in g  
lo n g  e l e c t r o l y s e s ,  and  e s p e c i a l l y  a t  h ig h  (20 V) v o l t a g e s .  
P e r c e p t i b l e  p a r t i c l e s  o f  cadmium m e ta l  c o n ta m in a te  th e
&
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p r o d u c t  i n  t h e s e  c ir c u m s ta n c e s  andf?are d i f f i c u l t  t o  rem o v e , 
s i n c e  th e  a d d u c t o f  RCdX a re  i n s o l u b l e  i n  m ost common 
o r g a n ic  s o l v e n t s .  T h is  p a r t i c u l a r  p ro b le m  was overcom e by 
r e s t r i c t i n g  th e  o p e r a t io n  to  low  v o l t a g e s  an d  s h o r t  p e r io d s  
o f  '^ l e n 't r b l y s i s  . .'When m o re -e x tre m e  c o n d u c tio n s  w e re ' 
n e c e s s a r y ,  i t  was. fo u n d  p o s s i b l e  to  e f f e c t '  a s e p a r a t i o n  o f  
cadmium p a r t i c l e s  fro m  th e  p r o d u c t  by  c o l l e c t i n g  th e  fo rm e r ' 
i n  a  s m a ll  v i a l  p l a c e d  im m e d ia te ly  b e lo w  th e  cadmium an o d e . 
The cadmium p a r t i c l e s  f a l l  i n t o  t h i s  v i a l ,  w h i le  m o st o f  
th e  l i g h t e r  i n s e r t i o n  p ro d u c ts  f a l l  o u t s id e  i t .  <
3 .8  I s o l a t i o n  o f  P ro d u c t
I n s e r t i o n  p ro d u c ts  o f  th e  e le c t r o c h e m ic a l  r e a c t i o n  
w e re  p r e c i p i t a t e d  by  s u b s e q u e n t  slow  a d d i t i o n  o f  d i e t h y l  
e t h e r ,  p e t  e t h e r  o r  o t h e r  o r g a n ic  s o lv e n t s  a n d /o r  by  r e d u c in g  
th e  t o t a l  volum e o f  th e  s o l u t i o n .  A l l '  c h e m ic a l m a n ip u la t io n s  
su c h  as f i l t r a t i o n ,  w ere  c a r r i e d  o u t u n d e r  n i t r o g e n  a s  a l l  
th e  compounds p r e p a r e d  a re  e x tre m e ly  a i r  s e n s i t i v e .  Volume 
r e d u c t io n  an d  sam p le  d ry in g  w e re  done i n  v a c u o .
3 .9  P r e p a r a t i v e  C h e m is try
Ca) -  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  m e th y l cadmium 
io d id e
E le c t r o c h e m ic a l  i n s e r t i o n  o f  a n o d ic  cadmium m e ta l
t a k e s  p la c e  r e a d i l y  i n  m e th y l i o d id e ,  when a  m ix tu re
• 3 3c o n s i s t i n g  o f  20 mg o f  E t^N C lO ^, 30cm -m e th an o l, 70cm o f
m e th y l  i o d id e  i s  e l e c t r o l y z e d  f o r  two ho 'u rs  , u s in g  a
c u r r e n t  o f - 60 mA an d  an i n i t i a l  v o l t a g e  o f  50 v o l t s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
- 4 8 -
A t th e  e n d  o f  th e  tim e  p e r i o d  th e  s o l u t i o n  was f i l t e r e d  
and a  w h i te  and  a i r  s e n s i t i v e  p r o d u c t  i s o l a t e d .  A n a ly s is  
show ed 44.4%  cadmium, and  49.7%  h a lo g e n  ( s e e  T a b le  3 . 2 ) .
The t o t a l  y i e l d  o f  th e  p r o d u c t  was 0 .7 1 g  (74% b a s e d  on 
cadmium d is s o lv e d )
(b ) -  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  e th y lcad m iu m
io d id e
U sing  an  i n i t i a l  v o l ta g e  o f  45 v o l t s  and  a  c u r r e n t  o f
3 350 mA, a  s o l u t i o n  o f  60cm e t h y l  io d id e  in  20cm o f  m e th a n o l
and a  few  mg o f  Et^NClO^ w as e l e c t r o l y z e d  f o r  2 h o u r s . The *
c o lo u r l e s s  o r  o f f - w h i t e  p r o d u c ts  p r e c i p i t a t e d  i n  t h e  c e l l .
The m ix tu r e  was f i l t e r e d  an d  d r i e d ,  y i e l d i n g  0 .7 2 g  o f
p r o d u c t  (.81% y i e l d  on  t h e ' b a s i s  o f  cadmium d is s o lv e d )  .
A p p ro x im a te ly  0 .3 7 g  o f  cadmium d i s s o lv e d  from  th e  a n o d e . .
The w h i te  p r o d u c t  so  o b ta in e d .w a s  fo u n d  to  c o n ta in
4 1 .‘8% cadmium a n d "4711% i o d i d e ,  and  shows i n s o l u b i l i t y
i n  m ost, o f " t h e  o r g a n ic  s o l v e n t s .
41•v/
(c )  -  E lectroch^T m ' c a l  p r e p a r a t i o n  o f  DMSO a d d u c t o f
MeCdl :
E le c t r o c h e m ic a l  o x id a t io n  o f  cadmium m e ta l  i n  a  s o l u t i o n
3 3c o n ta in in g  25cm o f  m e th y l i o d id e ,  25cm o f  DMSO and  15 mg
o f  Et^NClO^ was c a r r i e d  o u t  f o r  12 h o u rs  u s in g  an  i n i t i a l
v o l t a g e  o f  25 v o l t s  and a  c u r r e n t  o f  100 mA. The r e a c t i o n
m ix tu re  was th e n  f i l t e r e d  to  i s o l a t e  th e  p r o d u c t ,  w h ich  was
s u b s e q u e n t ly  d r i e d  i n  v a cu o .
The p r o d u c t  o b ta in e d  was fo u n d  to  c o n ta in  27.1% cadmium.
and  31.1% io d in e .  T h is  p a r t i c u l a r  compound p ro v e d  to  b e  v e ry
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u n s t a b l e ;  two days a f t e r  th e  o r i g i n a l  p r e p a r a t i o n ,  th e  
i o d in e  c o n te n t  o f  t h e  s o l id 'w a s  62.0% w h ic h  i s  c lo s e  to  
t h a t  f o r  u n s o lv a te d  C d ^  ( .c a lc u la t e d  69 .4% ).
Cd) -  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  2 , 2  ’ - b i p y r i d i n e  
a d d u c t  o f  MeCdl 3 ■
3A m ix tu r e  c o n s i s t i n g  o f  0 .7 g 2 , 2 ’ - b i p y r i d i n e ,  5cm
3
o f  M el, 40cm. a c e to n e  and  15mg Et^NClO^ was e l e c t r o l y z e d  
f o r  2 .5  h o u rs  u s in g  ah i n i t i a l  v o l t a g e  35 v o l t s  and  a  c u r r e n t  
o f  100. mA. As th e  e l e c t r o l y s i s  p r o g r e s s e d ,  th e  p ro d u c t  was 
d e p o s i te d  a t  th e  b o tto m  o f  th e  c e l l ;  t h i s  m a t e r i a l  was • 
^ c o l l e c te d ,  w ash ed  w i th  b en zen e , to  rem ove e x c e s s  2 ,2  ’ - b i p y r i d i n e , 
and  d r i e d  i n  v a c u o . The p r o d u c t  was a n a ly s e d  f o r  cadmium and  
i o d i n e .  The t o t a l  y i e l d  o f  0 .9 g  w as o b ta in e d  (.95%, on th e  
b a s i s  o f  cadmium d i s s o l v e d ) .  E x p e r im e n ta l  d e t a i l s  and  
a n a l y t i c a l  d a ta  a r e  l i s t e d  i n  T a b le s  3 .1  and  3 .2  r e s p e c t i v e l y .
Ce) -  E l e c t r o  che-tTn c a l  p r e p a r a t i o n  o f  2 , 2 ’ - b i p y r i d i n e  
a d d u c t o f  E tCdBr
3A s o l u t i o n  o f  0 .7 g  o f  2 ,2 * - b i p y r i d i n e , 15cm E tB r ,
330cm a c e to n e  and  15mg o f  Et^NClO^ was e l e c t r o l y s e d  f o r  
2 h o u rs  a t  40 v o l t s  and  80mA c u r r e n t .  A f t e r  t h i s  p e r i o d  
th e  r e a c t i o n  m ix tu r e  was t r e a t e d  i n  t h e  same way as 
d e s c r ib e d  a b o v e . The p r o d u c t  (0 .8 4 g )  was d r i e d  i n  v acu o  
and  a n a ly s e d  f o r  cadmium and  io d in e .  The p ro d u c t  was 
fo u n d  to  b e  i n s o l u b le  i n  m ost o f  th e  o r g a n ic  s o l v e n t s .
The y i e l d  o f  th e  p r o d u c t  and  th e  am ount o f  m e ta l  d i s ­
s o lv e d  d u r in g  th e  e l e c t r o l y s i s  a r e  g iv e n  in  T a b le  3 .1 .
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( f )  -  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  2 , 2 '- b i p y r i d i n e
a d d u c t o f  nBuCdBr
A m ix tu r e  c o n s i s t i n g  o f  15mg E t^N C lO ^, 0 .5 g  2 , 2 ’ -
3 3b i p y r i d i n e ,  ,30cm n - b u t y l  c h lo r id e  an d  15cm MeOH was
e l e c t r o l y z e d  f o r  5 h o u r s ,  u s in g  a  v o l t a g e  o f  10 v o l t s  and
m a in ta in in g  a  c u r r e n t  o f  20mA. The p r e c i p i t a t e d  p i^ jd u c t
i n  th e  c e l l  was c o l l e c t e d ,  w ashed  w i th  b e n z e n e  to  rem ove
any  u n r e a c te d  b i p y r i d i n e  and  th e n  d r i e d  in 'v a c u o  . The
s *
p ro d u c t  was a n a ly s e d  f o r  cadmium and  io d in e  c o n te n ts  
(T a b le  3 . 2 ) .
(g ) -  El e c t r o ch e m ic a l  p r e p a r a t i o n  o f  2 , 2 ’ - b i p y r i d i n e
dociuct o f  CgF^CdBr "
E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  CgF^CdBr b ip y  was 
c a r r i e d  o u t  in ' 2 arm ed c e l l  B (F ig -  2 . 2 ) .
The m ix tu re  o f  lOmg o f  E t^N C lO ^, 2cm"  ^ o f  CgF^Br, 0 .3 5 g
32 , 2 ' - b i p y r i d i n e  and  4cm o f  a c e to n e  was p o u re d  i n to  one 
o f  th e  arm  o f  H -C e l l ,  and  a f t e r  a  s e r i e s  o f  e v a c u a t io n /  
f r e e z i n g  c y c le s  t o  rem ove d i s s o lv e d  oxygen , th e  s o l u t i o n  ■ 
m ix tu re  was d e c a n te d  i n t o  th e  s e c o n d  arm  w h ich  a c t u a l l y  
s e r v e d  a s  th e  e le c t r o c h e m ic a l  c e l l .  D e t a i l s  o f  th e  e l e c t r i ­
c a l  c o n d ic t io n s  a r e  g iv e n  i n  T a b le  3 . 1 .  A f t e r  s i x  h o u rs  
o f  e l e c t r o l y s i s  t h e  p r o d u c t  was f i l t e r e d  and  w ashed  w i th  
b e n z e n e  to  rem ove u n r e a c te d  2 , 2 ’ - b i p y r i d i n e  and  d r i e d  i n  
v a c u o .
The p r o d u c t  was a n a ly s e d  f o r  cadmium and  io d in e  (T a b le  
3 . 2 ) .  The y i e l d  o f  th e  p ro d u c t  and  th e  am ount o f  m e ta l  
d i s s o lv e d  d u r in g  th e  e l e c t r o l y s i s  a r e  g iv e n  in  T ab le  3 .1 .
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Ch.) -  E le c t r o c h e m ic a l  -p re p a ra t io n  o f  2 , 2 ' - b i p y r i d i n e  
a d d u c t  bf~CF3Cdl      '
The p r e p a r a t i o n  o f  CF^Cdl b ip y  was c a r r i e d  o u t  i n  2
arm ed c e l l .  The s o l u t i o n  c o n s i s t e d  o f  0 .8 g  o f  2 , 2 ' - b i p y r i d i n e ,
3 33cm b e n z e n e , 8cm a c e t o n i t r i l e ,  arid few  mg o f  Et^N ClO ^,
3
i n t o  w h ich  was d i s t i l l e d  2 cm o f  CT^L.
A f te r  a  s e r i e s  o f  e v a u c a t i c n / f r e e z i h g  c y c l e s ,  th e  r e s t  
o f  _the p ro c e d u re  was t h e  same a s  " th a t  d e s c r ib e d  above f o r  - 
th e  o t h e r  a d d u c t s . .
The m ix tu re  was th e n  e l e c t r o l y z e d  f o r  1 .5  h o u rs  a t  
8 v o l t s '  and  a  c u r r e n t  o£  10mA; a s  th e  e l e c t r o l y s i s  p ro c e e d e d , 
a  l i g h t  y e l lo w * s o l id  p r e c i p i t a t e d  i n  th e  c e l l .  On f i l t e r i n g  
th e  c e l l  c o n te n ts  a n d . t r e a t i n g  th e  f i l t r a t e  w i th  p e tro le u m  
e t h e r  m ore l i g h t  y e l lo w  p r o d u c t  p r e c i p i t a t e d  o u t ,  and  was 
c o l l e c t e d ,  w ashed  w i th  b e n ze n e  and  d r i e d  i n  v a c u o .
The* y i e l d  o f  th e  p r o d u c t  was 0 .2 2 g  (66.7%  on th e  b a s i s  
o f  cadmium d i s s o l v e d ) . The i s o l a t e d  p r o d u c t  was a n a ly s e d  
f o r  cadmium and io d in e  and  r e s u l t s  a r e  .g iv e n  i n  T a b le  3 .2 .
( i )  -  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  1 ,4 -D io x a n e  
a d d u c t  o f  E tC dB r :
3 ’ 3A m ix tu re  c o n s i s t i n g  o f  15cm E tB r , 10cm a c e to n e ,
3 " 3
5cm o f  OLjOH. 15cm 1 ,4 -d io x a n e  and  15mg Et^NC10^_ was 
e l e c t r o l y z e d  u s in g  a  c u r r e n t  o f  40mA (1 4  v o l t s )  f o r  1 0 ' 
h o u r s .  A f t e r  t h i s  p e r io d  o f  t im e , th e  r e a c t i o n  m ix tu re  
was f i l t e r e d  to  i s o l a t e  th e  p r o d u c t ,  w h ic h  was w ashed  w i th  
p e t  e t h e r  and  d r i e d  i n  v a c u o . ^The t o t a l  y i e l d  o f  th e  p r o d u c t  
was 1 .2 1 g  (.96% b a s e d  on cadmium d i s s o l v e d ) .  D e t a i l s  o f  
s o l u t i o n  c o m p o s it io n , e l e c t r i c a l  c o n d ic t io n  e t c .  a r e  g iv e n  
i n  T a b le  3 .1  and th e  a n a l y t i c a l  d a ta  i n  T a b le  3 .2 .
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( j )  -  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  1 ,4 -D io x a n e  
a d d u c t o f  EtCdif ’
3
A .m ix tu re  c o n s i s t i n g  o f  15mg E t^N ClO ^, 15cm E t I ,
3 310cm a c e to n e ,  15cm d io x a n e  was e l e c t r o l y s e d  f o r  8 h o u r s ,
u s in g  a  c u r r e n t  o f  40mA and  i n i t i a l  v o l t a g e  o f  15 v o l t s .
A f t e r  'th e  e l e c t r o l y s i s  t h e  p r o d u c t  was i s o l a t e d  in  th e
m anner d e s c r ib e d  a b o v e .
The t o t a l  y i e l d  o f  th e  p ro d u c t  was 0.87% (78% b a s e d
on cadmium d is s o lv e d )  .
(k} -  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  1 ,4 -D ioxane  
a d d u c t  o f  PhCdBr
3 3A s o l u t i o n  c o n s i s t i n g  o f  30cm P hB r, 10cm a c e to n e ,
3
30cm d io x a n e  and  a  few  mg o f  Et^NC10^_ was e l e c t r o l y s e d  
f o r  6 h o u rs  ■using a  v o l ta g e  o f  18 v o l t s  and  m a in ta in in g  a 
• c u r r e n t  o f  40mA, a g a in  th e  i s o l a t i o n  m ethod  was th e  same 
as f o r  o t h e r  1 ,4  d io x a n e  a d d u c ts .  D e t a i l s  o f  th e  am ount . 
o f  s u b s ta n c e  o b ta in e d ,  and  % -y ie ld  a r e  g iv e n  i n  T a b le  3 .1  
an d  th e  a n a l y t i c a l  d a ta  i n  T a b le  3 .2 .
Cl) -  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  1 , 1 0 -p h e n a th ro -  
' l i n e  a d d u c t  o f  E tC dB r
The s o l u t i o n  c o m p o s itio n ,-  e l e c t r i c a l  c o n d i t io n s  e t c .
a r e  g iv e n  i n  T a b le  3 .1 .  A f t e r  a  p e r io d  o f  2 h o u r s , Q .27g
o f  cadmium h a d  d i s s o lv e d .  The p r o d u c t  was c o l l e c t e d  and
d r i e d  i n  v a c u o ; a n a l y s i s  show ed 28.2% cadmium and  20.3%
i o d in e .
F u r th e r  c h a r a c t e r i z a t i o n  o f  th e  p r o d u c t  was n o t  
p o s s i b l e  b e c a u s e  o f  i n s o l u b i l i t y  i n  m ost o r g a n ic  s o l v e n t s .
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TABLE 3 .1
REACTION CONDITIONS FOR DIRECT ELECTROCHEMICAL SYNTHESIS OF ORGANOCADMIUM HALIDES
Compounda-
T
V o l. o f  o rg a n ic  V o l. o f  a c e to n e  
h a l i d e  (cm ) (cm3) a
V/t. ,  o r  v o lu m e, V o lta g e
o f  l ig a n d  . (V)
I n i t i a l
C u r re n t
(mA)
7° 30d 0 50 60
60 20 d 0 45 50
5 40 0 . 7g 35 100
25 0 • 25 cm3 25 100
15 30 0 . 7g 40 80.
15 30 0 . 75g 40 90
15 h-1 O -o 15 cm3 14 . 40
15 10 15 cm3 15 40
30 15d 0 . 5g 10 20
30 10  ' 30 cm3 18 40
2 0 ,5 d 0 . 35g 17 8
2 8 . 3b 0 . 8g , 8 . 0 io
CH3CdI
C2ll5CdI
CH^Cdl b ip y
CH3CdI 2 dmso
C2H3CdBr b ip y
C2H3CdBr phen
C2H3CdBr d io x
C2H,jCdI d io x
n-C 4 HgCdCl b ip y
Cz-HcCdBr d io x  b  5 c
C6 F5CdBr b ip y  
CF3CdI b ip y f
a 15mg o f  E t^ N c io ^  added  i n  e a c h  e x p e r im e n t ^M ethano l u se d  i n s t e a d  o f  a c e to n e
i •
A c e t o n i t r i l e / b e n e z e n e  m ix tu re  u se d  i n s t e a d  ^ o t  r e c o rd e d
o f  a c e to n e  f  ' _ , ,
e x p e r im e n t  p e rfo rm e d  in  s m a ll  c e l l
° p lu s  5 cm3CH3OH to  re d u c e  v o l ta g e  V
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TABLE 3 .2
ANALYTICAL RESULTS FOR ORGANOCADMIUM HALIDES, AND THEIR
ADDUCTS. . .
Compound A n a ly s is  (Found (C a lc d  v) (7*) )
♦ Cd H alogen
MeCdl . 4 4 .4 4 9 .7
(4 4 .1 ) (4 9 .9 )
E tC d l 4 1 .8 4 7 .1
(4 1 .9 ) (4 7 .3 )
MeCdl. b ip y 2 7 .3 3 0 .9
^  (2 7 .3 ) • (3 0 .9 )
MeCdl* 2dmso 2 7 .1 3 1 .1
(2 7 .3 ) (3 0 .9 )
EtCdBr. b ip y 2 9 .4 2 1 . 2
* (2 9 .8 ) C21.3) .
E tCdBr. Phen • 2 8 .2 2 0 .3
(2 8 .0 ) (1 9 .9 )
EtCdBr* d io x 3 6 .6 2 5 .8
(3 6 .4 ) (2 5 .9 )
E tC d l .d io x 3 2 .0* 3 5 .6
(3 1 .5 ) (3 5 .7 )
nBuCdCl- b ip y 3 1 .4 9 .7
(3 1 .0 )  ■ ( 9 .8 )  '
PhCdBr. d io x 3 2 .2 2 2 . 1
(3 1 .5 ) (2 2 .4 )
C cF -C d B r.b ip y 2 1 . 6 1 5 .40 D ■ ( 2 1 -. 8 ) g (1 5 .5 )
C F ~ C dI.b ioy 24.4- 2 7 .4 5
(2 4 .2 ) (2 7 .3 4 )  •
1
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- . . TABLE 3 .3
GAS ANALYSIS FOR SOME ORGANOCADMIUM HALIDES, AND THEIR 
'  ADDUCTS.
Compound W eig h t o f  
Compound 
i n  (g )
Gas m e a su re d  a t
3
i n  'em 
fo u n d
NTP
ST
c lc d .
MeCdl 0 .4 2 8 • 37 . 5 3 7 .7
MeCdl# b ip y 0 .2 1 7 ' 1 1 .4 1 1 . 8
E tC d B r# b ip y 0 .1 7 3 1 0 . 2 1 0 . 2
TABLE 3 .4
^C C d-C ) MODES IN THE INFRARED SPECTRA OF R-CdX ADDITION
COMPOUNDS
Compound Ca) CCd.-C) (Cm- 1 )
M eC dlib 'ipy  ■ 445
EtCdBr# b ip y 478 '
EtCdBr# phen 479
EtCdBr# d io x 474
E tC dl#  d io x 471
n  -BuCdC 1# b ip y 472
(a )  The p re s e n c e  o f  th e  a p p r o p r i a t e  n e u t r a l ,  l ig a n d  Was 
d e m o n s tra te d  i n  e a c h  c a s e  by  e s t a b l i s h e d  i n f r a r e d  
s p e c t r a l  c r i t e r i a .
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TABLE 3 .5  
MEASUREMENT OF CURRENT EFFICIENCY
S ystem  E^Cmol (Cd) F ~ ^ ^
• • ^
/E tB r  +  b i p y / P t ^  1 .1
Cdc + ) /M eI +  b i p y / P t ^ ^  2 .4
C d ^  CgF^Br '+ b i p y / P t ^  - 2 .0
'<*1 ••
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3 .1 0  R e s u l t s  an d  D is c u s s io n
The m ost im p o r ta n t  f e a t u r e  o f  t h i s  m eth o d  o f  s y n t h e s i s
i s  th a £  i t v n f  f e r s  a  r a p i d  c o n v e n ie n t  • and  s im p le  r o u t e  f o r
th e  d i r e c t  e l e c t r o c h e m ic a l  s y n t h e s i s  o f  o r g a n o m e ta l l ic
c o m p le x e s , e s p e c i a l l y  s in c e  th e  o x i-d a 'tio n  o f  m e ta l  o c c u rs
a t  room  te m p e ra tu re  and  good c r y s t a l l i n e  sam p les  a r e  o b ta in e d .
The ra n g e  o f  e x p e r im e n ta l  sy s te m s  i n v e s t i g a t e d  an d  th e
v a r i e t y . o f  p r o d u c ts  o b ta in e d  s u g g e s t  t h a t  d i r e c t  e l e c t r o -
c h e q iic a l s y n t h e s i s  i s  d e f i n i t e l y  s u p e r i o r  to  o th e r  c cn v e n -
*■ “■*- ■ - . 
t i o n a l  s y n t h e t i c  m e t h o d s ^ - ^
Z in c  and  m erc u ry  undergo , d i r e c t  c a t a l y t i c  o r  p h o to -  ..
c h e m ic a l r e a c t i o n  w i th  a l k y l  h a l i d e  to  g iv e  th e  compound
o f  th e  ty p e  KMX, b u t  th e  a n a lo g o u s  a lk y lcad m iu m  h a l i d e s
c a n n o t b e  p r e p a r e d  i n  t h i s  way an d  th e  o n ly  p o s s ib l e  r o u t e
in v o lv e s  an e x ch an g e  r e a c t i o n  b e tw ee n  cadmium d i h a l i d e
79 88and  a p p r o p r i a t e  d ia lk y lc a d m iu m .- *
In  t h i s  c h a p t e r , - c h a r a c t e r i z a t i o n  o f  th e  p r o d u c ts  
w as e s t a b l i s h e d  b y  e le m e n ta l  a n a l y s i s  (T a b le  3 .2 )  gas 
a n a ly s i s  (T a b le  3 , 3 ) and  i n f r a r e d  s p e c t ro s c o p y  (T a b le  3 . 4 ) .
E le c t r o c h e m ic a l  o x id a t io n  o f  .cadmium u n d e r  th e  v a r io u s  
c o n d i t io n s  d e s c r ib e d  in  T a b le  3 .1  gav e  r i s e  to  a  s e r i e s ; o f  
compounds and  i t s  a d d u c ts .  The i n f r a r e d  s p e c t r a  o f  th e  
2 , 2 * - b i p y r i d i n e  an d  1 , 1 0 - p h e n a n th r o . l in e . a d d u c ts  c o n firm  
th e  b i d e n t a t e  c o o r d in a t io n  o f  t h e s e  l ig a n d s  and th u s  th e
w  - -
compounds a r e  fo rm u la te d  as, th e .  f o u r - c o o r d in a t e  RCdX.bipy
e t c .  s p e c i e s . - 
' *
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The-.compound MeCdI.2dmso p ro v e d  to  b e  v e ry  u n s t a b l e ,  
w h ich  s u g g e s te d  th e  lo s s  o f  dmso fro m  th e  compound, fo l lo w e d  
by  re a r r a n g e m e n t  to  d ia lk y lc a d m iu m  ( v o l a t i l e )  and  C d l2 . A 
s i m i l a r  l o s s  o f  dmso from  a d d u c ts  o f  m ain  g ro u p  compounds 
w as r e p o r t e d  p r e v i o u s l y .
The CFgBr and  CgF^Br sy s te m s  a r e  i n t e r e s t i n g  b e c a u se  
o f  t h e i r  r e le v a n c e  t o  "the p o s t u l a t e d  S c h le n k  e q u i l i b r a  i n  
s o l u t i o n .  The i s o l a t i o n  o f  CF^CdX and  CgF^CdX a d d u c ts  
s u g g e s t s  t h a t  th e  m ethod  c o u ld  b e  u s e d  i n  c ir c u m s ta n c e s  
in . w h ich  th e  p r e p a r a t i o n  o f  p e r f l u o r o a l k y l - G r i g n a r d  r e a g e n t  
i s  in c o n v e n ie n t .  When th e  e l e c t r o l y s i s  was c a r r i e d  o u t  
w i th  a  s o l u t i o n  p h a s e  c o n s i s t i n g  o f  o n ly  C g F ^ B ra n d  
a c e t o n i t r i l e ,  cadmium d i s s o lv e d  and  th e  m a t e r i a l  i s o l a t e d  
c o n ta in e d  a c e t o n i t r i l e  ( i d e n t i f i e d  by  i n f r a r e d  a b s o r p t io n  
a t  2284 cm- ^ ) . The' a b se n c e  o f  th e  CgF^- v i b r a t i o n
i n  th e  e th e r - w a s h e d  s o l i d ,  and  th e  a n a l y t i c a l  r e s u l t s  
( fo u n d : Cd 2 5 .3 ;  B r 36.17o) a re  i n  ag re em e n t w i t h  th e  
fo rm a t io n  o f  CdBr2 . (C a lc d : Cd 2 5 .5 ;  B r 36.3% ) w h ich
s u g g e s ts  t h a t  i n  t h e  p r e s e n c e  o f  a c e t o n i t r i l e ,  th e  i n i t i a l  
p r o d u c t  ib  CgF^CdBr. 2CH.gCN, w hich  i s  s o lu b le  i n  e x c e s s  
a c e t o n i t r i l e ,  and  d i s s o c i a t e s  v i a  th e  e q u i l i b r iu m  b e lo w , 
w h ic h  i s .  f o l lo w e d  by  p r e c i p i t a t i o n  o f  th e  cadmium, d ib ro m id e  
a d d u c t .
2C6 F5 CdBr.L2 ;  -  — * C C g F ^ C d l^  +  CdBr2 -L2 .
81T h is  m echanism  was c o n firm e d  by  C h e n a u lt and  T a l ib o n e t
f o r  th e  r e a c t i o n  o f  cadmium w i th  a l k y l  i o d id e s  in  HMPA and
88a l s o  by  E van an d  P h i l l i p s  . i n  NMR s t u d i e s  o f  th e  C gF^I/C d 
sy s te m . ^
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V i b r a t i o n a l  S p e c trq p c o p y
The Raman s p e c t r a  o f  th e s e  compounds c o u ld  n o t  b e  
r e c o r d e d  b e c a u s e  o f  th e  d e c o m p o s itio n  o f  th e s e  compounds 
i n  th e  . l a s e r  beam . The i n f r a r e d  s p e c t r a  o f  th e  a d d i t i o n  
compounds i n  t h e  ^  (Cd-C) r e g i o n 'a r e  shown i n  T a b le  3 .4 .
The r e s u l t s  show some d ep en d en ce  on th e  m ass o f  th e  
a l k y l  g ro u p , an d  e q u a l ly  show s, t h a t  ^  CCd-Et) i s  e s s e n t i a l l y
u n a f f e c t e d  b y  th e  change- i n  th e  b i d e n t a t e  l i g a n d  o r  h a lo g e n .
108C avanagh and  E van h a v e  s t u d i e d  th e  i n f r a r e d  and  
jjipman s p e c t r a  o f  s o l u t io n s  p r e p a r e d  b y  m ix in g  an e q u im o la r  
q u a n t i t y  o f  CMe^Cd and  (X = C l, B r , I )  i n  THE o r  DME
CX = I  o n l y ) . I n  th e s e  sy s te m s  th e y  a l s o  i d e n t i f i e d  • 
v i b r a t i o n s  b e tw e e n  475cm~^ an d  482cm~^ a s s ig n e d  to  
CCd-Me) t •
• T hese  r e p o r t e d  v a lu e s  a r e  s l i g h t l y  h i g h e r  th a n  445cm- ^
f o r  M e C d l.b ip y , w h ich  may b e  a c c o u n te d  f o r  a s  th e
d i f f e r e n c e  b e tw e e n  th e  c r y s t a l l i n e  and s o l u t i o n  p h a s e .
A. J .  Downs and  G. E . C o a t e s i d e n t i f i e d  v i b r a t i o n s
b e tw ee n  2 6 0 -2 7 0 cm” due to  ^  (Jlg-CE^) i n  compounds o f  th e
ty p e  C E ^H gX /w here X = C l, B r , I .  o r  CE^) . I n s p e c t i o n  o f
th e  v i b r a t i o n  s p e c t r a  o f  C E ^C d l.b ip y  shows t h a t  f re q u e n c y
a t  275cm- may b e  due to  th e  CCE^-Cd) s t r e t c h i n g  v i b r a t i o n .
«
R e a c tio n  m echanism
I t  h a s  b e e s t- s u g g e s te d  t h a t  a  know ledge  o f  th e  num ber o f
'jT a
e l e c t r o n s  in v o lv e d  in . th e  e le c t r o c h e m ic a l  p ro c e s s  can  g iv e
> •**
some ^ n s ig h t  in t.o  th e  m echanism  o f  th e  e le c t r o c h e m ic a l
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r e a c t i o n s .  I n  th e  p r e s e n t  w o rk , a s  i n  t h e  r e l a t e d  s t u d i e s
53 71w i th  t i n  an d  n i c k e l  , th e  e le c t r o c h e m ic a l  r e a c t i o n  h a s
a  s to i c h io m e t r y  w h ic h  c o r re s p o n d s  t o  th e  o x id a t iv e
i n s e r t i o n  r e a c t i o n .
nRX -+ M ------------------------ > R MX
•  n  n
w h ere  M = Cd o r  N i, n  = 1 ; M * S n , n  = 2
The c u r r e n t  e f f i c i e n c i e s  .in  th e  e x p e r im e n ts  r e p o r t e d  i n
T a b le  3 .5  w ere  b e tw ee n  l . i  -  2 .4  m ol F- ^ b a s e d  on w e ig h t
o f  cadmium d i s s o lv e d .  T hese v a lu e s  a r e  s i m i l a r  to  th o s e
53r e p o r t e d  f o r  t i n  d i s s o l v i n g  i n  Mel o r  E t I .  .A l l  t h i s  
i n f o r m a t io n  le a d s  to  a  m echanism  i n  w h ic h  r e d u c t io n  o f0
RX a t  th e  c a th o d e  i s  fo l lo w e d  by  th e  a n o d ic  p r o c e s s e s  
d e s c r ib e d  b e lo w .
C athode ' ’
^  RX +  e~ --------------- > R' +  R~ C8a)
The fo rm a t io n  o f  R2  tiay  p ro c e e d  e i t h e r  by  c o u p lin e
2R’ ----------- * R ^  .  ( 8b)
< r^ b y  a b s t r a c t i o n - ^
R‘ +  RX  > R^ +  X* ( 8 c)
Anode
  f t
-  X" ----------> X* +  e ^  (9 a)
X* +  Cd  > CdX. (9b)
CdX +  RX > RCdX +  X* (9 c)
X' +  Cd ------------- > CdX (9d)
The r e l a t i v e l y  h ig h  c u r r e n t  e f f i c i e n c y  was e x p la in e d  i n  te rm s  
o f  th e  abovd schem e w i th  (9 c) an d  (9d) c o n s t i t u t i n g  a  c h a in
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p r o c e s s  a n d  r e q u i r i n g  t h a t  E^. b e  g r e a t e r  th a n  1  b e c a u s e  
m ore th a n  1  m ole o f  th e  cadmium anode  i s  consum ed p e r  
F a ra d a y .
3 .1 1  C o n c lu s io n
The c o n c lu s io n  one can  d raw  from  t h i s  c h a p te r  i s  t h a t  
th e  e le c t r o c h e m ic a l  r e a c t i o n  in v o lv in g  cadmium as th e  
s a c r i f i c i a l  anode o f f e r . a  c le a n  and  r a p i d  s y n t h e t i c  r o u t e  
to  a  v a r i e t y  o f  organocadm ium  h a l i d e s  a t  a m b ie n t te m p e ra ­
t u r e ,  w i th  h ig h  p r o d u c t  y i e l d .  T hese’ compounds may s e r v e  
a s  a  c o n v e n ie n t  s u b s t i t u t e  f o r  G r ig n a rd  r e a g e n ts  i n  
c e r t a i n  s i t u a t i o n s .
cs
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CHAPTER IV
THE DIRECT EIECTRDCHEMICAL SYNTHESIS
OF ANlCNIC ORGANODIHALOCADMATE(II) COMPLEXES
4 .1  I n t r o d u c t io n
Tuck and  C o n t r e r a s ^ ^ ’^ ^  h a v e  r e p o r t e d  th e  fo rm a t io n  
o f  a n io n ic  com plexes o f  cadmium o f  th e  ty p e  ICdX^J and  
[C d^Y '.]* , w here  X and  Y a r e _c h l o r i n e , b ro m in e  o r  i o d in e ,  
a l l  a s  th e  -te trap ro p y lam m o n iu m  s a l t .  Raman s p e c t r a  h av e  
b een  r e c o r d e d ,  and  s e r v e  to  e s t a b l i s h  t h a t  th e s e  a n io n s  
h av e  C2v sy m m e try .in  th e  s o l i d  s t a t e  and  a r e  p r e s e n t  as 
d i s c r e t e  t h r e e - c o o r d i n a t e  cadmium u n i t s  i n  th e  c r y s t a l l i n e  
l a t t i c e .
- As d i s c u s s e d  i n  C h a p te r  I I I  th e  e l e c t r o c h e m ic a l  o x i ­
d a t io n  o f  cadmium m e ta l  i n  th e  p r e s e n c e  o f  an a lk y l  o r  a r y l  
h a l i d e  p ro v id e  th e  e a s i e s t  r o u te  f o r  th e  s y n t h e s i s  o f  
organocadm ium  h a l i d e s ,  'w h ich  can  b e  s t a b i l i z e d  by  n e u t r a l  
o rg an o  mono CL] o r  b i d e n t a t e  j l ig a n d s .
T h is  c h a p te r  i s  d e v o te d  to  a  s e c o n d  g roup  o f  d e r i v a t i v e s  
i n  w h ic h  th e  p a r e n t  RCdX compounds a r e  s t a b i l i z e d  by  
f u r t h e r  c o o rd in a t io n -  t o  g iv e  th e  a n io n ic  com plex  fR C d ^ ]  
(w here  R -  Me, E t ,  CF^> hB u, P h , CgH^ and  X = C l, B r , I )
a s  t h e i r  s a l t s  w i th  te trap ro p y lam m o n iu m  c a t i o n .  T hese
*
a p p e a r  to  b e  t h e  f i r s t  exam ples o f  th e  p r e p a r a t i o n  o f  
organocadm ium  a n io n s  o f  t h i s  t y p e . The d i r e c t  
e le c t r o c h e m ic a l  te c h n iq u e  h a s  b e en  s u c c e s s f u l l y  u t i l i z e d ,  
so  t h a t  th e  e le c t r o c h e m ic a l  o x id a t io n  o f  a n o d ic  cajjziium
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m e ta l  i n  a  B e n z e n e /m e th a n o l m ix tu re  c o n ta in in g  (CgHy^NX 
an d  RX le a d s  to  th e  fo rm a tio n  o f  th e  a n io n ic  o r g a n o h ih a l io -  
cad m ateC H ) co m p lex es .
CH., O H /a. H.
n = P r4NX +  RX +  C d ^  l T |- f a t i o  n - P r ^ R C d X ^ '.
4 .2  E x p e r im e n ta l  .
G e n e ra l
The g e n e r a l  e x p e r im e n ta l  a rra n g e m e n ts  a r e  shown i n  
f i g u r e  2 . 1  and  f i g u r e  2 . 2 , and  th e s e  two e le c t r o c h e m ic a l  
c e l l s  w ere  e x c l u s i v e l y  u s e d  f o r  th e  p r e p a r a t i o n  o f  a n io n ic  
o rg a n o d ih a lo c a d e m a te C H ) co m p lex es . The d e t a i l e d  d e s c r i p t i o n  
o f  th e  c e l l s  h a s  b e e n  a l r e a d y  g iv e n  i n  C h a p te r  I I .
Cadmium M4N ( A lf a  in o r g a n ic )  was u s e d  i n  th e  fo rm  o f  
a  r o d ,  8 .5  cm lo n g , 0 .2 5  cm i n  d ia m e te r ,  o r  b e a te n  i n t o  a  
s h e e t  (Ca 2 x 2  cm) and  a  p la t in u m  w i r e ,  10cm lo n g , lnm d i a ­
m e te r ,  was u s e d  a s . t h e  c a th o d e .
S o lv e n ts  an d  a l k y l  o r  a r y l  h a l i d e s  w ere  a s  d e s c r ib e d  
i n  C h a p te r  I I .  T e tra -n -p ro p y lam m o n iu m  h a l i d e s  (E astm an  
o r g a n ic  c h e m ic a ls )  w ere  u s e d  w i th o u t  any  f u r t h e r  p u r i f i ­
c a t i o n .  A l l  p r e p a r a t i o n ,  i s o l a t i o n  and  h a n d l in g  o f  p r o d u c ts  
w ere  c a r r i e d  o u t  u n d e r  d ry  n i t r o g e n .
The a p p l i e d  v o l t a g e  was 10-50  v o l t s ,  a s  d i c t a t e d  by  
th e  s o l u t i o n  c o n d i t i o n ,  g iv e n  t h a t  a  c u r r e n t  o f  20-30mA. 
p ro d u c e d  a  r e a s o n a b le  r a t e  o f  r e a c t i o n  w i th o u t  o v e rh e a t in g  
th e  s o l u t i o n .  *
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4 .3  I s o l a t i o n  o f  p r o d u c t
D u rin g  t h e  e l e c t r o l y s i s , c o lo u r l e s s  c r y s t a l s  d e p o s i te d  
i n  t h e  c e l l  and  in ' e a c h  c a s e  th e s e  w ere  c o l l e c t e d ,  w ashed  
w i th  a c e t o n i t r i l e  an d  d r i e d  i n  v a c u o . As d e s c r ib e d  in  th e  
p r e v io u s  c h a p te r  on n e u t r a l  organocadm ium  com pounds, c a re  
was ta k e n  to  a v o id  th e  d i s i n t e g r a t i o n  o f  th e  s u r f a c e  o f  th e  
cadmium a n o d e , w h ic h  c a u se d  c o n ta m in a t io n  o f  th e  p ro d u c t  
w i th  p a r t i c l e s  o f  cadmium m e ta l .
S o lu t io n  c o m p o s it io n  and  a n a l y t i c a l  d a ta  f o r  e a c h  an d  
e v e ry  e x p e r im e n ta l  s e tu p s  a r e  g iv e n  i n  T a b le s  4 .1 ,  4 .2  and  
4 .3 .
4 .4  P r e p a r a t i v e  C h e m is try
(a )  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  [M eC dB ^J a n io n
3 3A m ix tu re  c o n s i s t i n g  o f  2 .7 g  nP r^N B r, 2cm MeBr, 8 cm
3
MeOH and. 20cm o f  CgH.g was e l d c t r o l y z e d  u s in g  th e  e l e c t r o -  
c - e m ic a l  c e l l  A CFig. 2 . 1 ) .  The e l e c t r o c h e m ic a l  c e l l  was 
c o o le d  b e tw een  5 -10°C  to  p r e v e n t  e x c e s s iv e  l o s s  o f  MeBr 
from  th e  s o l u t i o n .  A f t e r  5 h o u rs  o f  e l e c t r o l y s i s  w i th  an 
i n i t i a l  c u r r e n t  o f  25mA an d  40 v o l t s ,  th e  p r o d u c t  d e p o s i te d  
a t  th e  b o tto m  o f  th e  c e l l ,  and was c o l l e c t e d ,  w ashed  w i th  
a c e t o n i t r i l e  t o  rem ove u n r e a c te d  nP r^N B r, an d  d r i e d  i n  vacuo  
The p ro d u c t  was a n a ly s e d  f o r  cadmium and  io d in e .
’■ Cb) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  [E tC dB r^ iP  a n io n  
E le c t r o c h e m ic a l ' o x id a t io n  o f  cadmium m e ta l  i n . a  s o l u -
3
t i o n  m ix tu re  c o n s i s t i n g  o f  2 .7 g  NPr^NBr,.  3 .5 cm o f  E tB r ,
' ' i
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gHg was , c a r r i e d  o u t  f o r  6 h o u r s , 
u s in g  an i n i t i a l  v o l t a g e  o f  40V and  c u r r e n t  o f  25mA. As 
t h e  e l e c t r o l y s i s  p ro c e e d e d , c o lo u r l e s s  c r y s t a l s  d e p o s i te d  
' i n  th e  c e l l ;  t h e s e  w ere  c o l l e c t e d ,  w ashed  w i t h  a c e t o n i t r i l e  
a n d  s u b s e q u e n t ly  d r i e d  i n  v a c u o . D e t a i l s  o f  e x p e r im e n ta l  
c o n d i t io n  and  a n a l y t i c a l  r e s u l t s  a r e  g iv e n  i n  T a b le  4 ,1  
and  4 .2 .
Cc) E le c tro c h e m i c a l  p r e p a r a t i o n  o f  [t-B uC dB rpJ
3A s o l u t i o n  p h a se  c o n s i s t i n g  o f  2 .7 g  nP r^N B r, 3 .5cm
3 - ^ 3  t-C ^ E g B r, 8 cm CSL^ OH and  20cm CgHg was e l e c t r o l y s e d - f o r
5 h o u r s ,  u s in g  a  c u r r e n t - o f  25mA and  40 v o l t s .  A f t e r  th e
e l e c t r o l y s i s  t h e  r e a c t i o n  m ix tu re  was f i l t e r e d  to  i s o l a t e
th e  p r o d u c t ,  w h ich  was d r i e d  i n  v a c u o . D e t a i l s  o f  s o l u t i o n
c o m p o s it io n , e l e c t r i c a l  c o n d i t io n  e t c .  a r e  g iv e n  i n  T ab le
4 .1  and  a n a l y t i c a l  d a ta  i n  T a b le  4 .2  an d  4 .3  r e s p e c t i v e l y .
Cd)' E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  [M eCdl,,] a n io n
3
The s o l u t i o n  c o n s i s t e d  o f .  1 .5 g  o f  n P r^ N I , 2 .5cm  o f
3 3M el, 10cm MeOE and  30cm , w i th  an i n i t i a l  v o l ta g e  o f
40V and  a  c u r r e n t  o f  25mA. A f t e r  th e  p e r i o d  o f  6 h o u r s ,
c o lo u r l e s s  c r y s t a l s  d e p o s i te d  i n  th e  c e l l ;  t h e s e  w ere
c o l l e c t e d  by  f i l t e r i n g  th e  r e a c t i o n  m ix tu re  u n d e r  d ry
n i t r o g e n .  T h is  p ro d u c t  t y p i c a l l y  r e p r e s e n te d  a  30-40%
y i e l d  o f  th e  s a l t ,  b a s e d  on d i s s o lv e d  cadmium CTalbe 4 .1 ) .
(e )  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  [E tC d lp J  a n io n
3 3A m ix tu re  c o n s i s t i n g  o f  1 .5 g  n P r^ N I , 2 .5cm  E t I ,  10cm
10cm CH^OE and  10 cm
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3Me OH a n d  30 cm CgRg was e l d c t r o l y s e d  f o r  5 h o u rs  u s in g  a  
c u r r e n t  o f  25mA and  35 v o l t s .  The i s o l a t i o n  t e c h n i q u e ' 
was e x a c t l y  th e  same a s  i n  Cd) ab o v e . The p r o d u c t  was 
th e n  f i l t e r e d  u n d e r  n i t r o g e n  Cglove bo x ) , w ashed  w i th  
a c e t o n i t r i l e  a n d  d r i e d  i n  v a c u o .
Cf) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  [n -C ^H gC dlp]" a n io n
3
2 .5 g  n P r^ N I was d i s s o lv e d  i n  a  m ix tu re  o f  8cm Me OH,
3 320cm CgHg an d  3 .0cm  n -C ^H gl. The s o l u t i o n  m ix tu re  was
e l e c t r o l y z e d  u s in g  cadmium, a s  an an o d e . A f t e r  4 h o u rs  o f  
e l e c t r o l y s i s , th e  w h i te  p r o d u c t  was c o l l e c t e d  b y  f i l t e r i n g  
th e  r e a c t i o n  m ix tu re  and  d r i e d ' i n  v a c u o . D e t a i l s  o f  s o l u ­
t i o n  c o m p o s it io n , e l e c t r i c a l  c o n d i t io n  a re  g iv e n  i n  T a b le  
4 .1 .
v*
Cg) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f
E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  [C F ^ C d ^ ] was c a r r i e d
o u t  i n  CH-form) C e l l  B ( J i g .  2 . 2 ) .  The p r e p a r a t i v e  m ethod
fo l lo w e d  th e  m ethod  d e s c r ib e d  in .  C h a p te r  I I  o f  t h i s  d i s s e r -
.  3
t a t i o n .  CF^I Cl-5cm  ) was d i s t i l l e d  i n t o  one o f  th e  arms
3
o f  th e  c e l l  c o n ta in in g  a  m ix tu r e  o f  1 .2 g  o f  P r^ N I, 3cm
3
CH^OH an d  8 cm CgHg. A f t e r  d e g a s s in g  th e  s o l u t i o n  i n  vacuo
by  a  s e r i e s  o f  e v a c u a t io n / f r e e z in g  c y c l e s ,  th e  d e g a s s e d
■ s o l u t i o n  w a s /- f lu s h e d  w i th  d ry  ^  and  th e n  d e c a n te d  i n t o
th e  s e c o n d  arm  w h ich  s e r v e d  a s  th e  e le c t r o c h e m ic a l  c e l l .
\
A f t e r  th e  e l e c t r o l y s i s  th e  r e a c t i o n  m ix tu re  was f i l t e r e d  
to  i s o l a t e  th e  p r o d u c t ,  w h ic h  was w ashed  w i th  MeCN and  
d r i e d  i n  v a c u o . D e ta i l s  o f  s o l u t i o n  c o m p o s i t io n , e l e c t r i -
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c a l  c o n d i t io n  a r e  g iv e n  in  T a b le  4 .1 .
Ch) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  [PhC dC l^J a n io n  
The e le c t r o c h e m ic a l  p r e p a r a t i o n  o f  th e  [P hC dC ^'] a n io n  
was c a r r i e d  o u t  i n  C e l l  A CFig. 1 . 1 ) .  E l e c t r o chemi c a l  
o x id a t io n  o f  cadmium m e ta l  i n  th e  s o l u t i o n  m ix tu re  con ­
s i s t i n g  o f  l , 5 g  nP r^N C l, IQcm^ MeOH, 30cm^ and  3cm^
PhC l was c a r r i e d  o u t  f o r  6 h o u r s ,  u s in g  an i n i t i a l  v o l t a g e  
o f  50V and  c u r r e n t  o f  25mA. As th e  e l e c t r o l y s i s  p ro c e e d e d ,t
o f f - w h i te ' c r y s t a l s  d e p o s i te d  i n  th e  c e l l ^ t h e s e  w ere  c o l l e c -
(
t e d ,  w ash ed  w i th  MeCN and d i r e d  i n  v a c u o . The p r o d u c t  was
/
a n a ly s e d  f o r  cadmium and io d in e
Ci) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  £PhCdBr2 ] a n io n
3A s o l u t i o n  m ix tu re  c o n s i s t i n g  o f  1 .3 g  nP r^N B r, 10cm
■3 3
Me OH, 30cm CgHg and  3 .0cm  PhB r was e l e c t r o  ly z ted  f o r  6 
h o u rs  u s in g  a  c u r r e n t  o f  25mA and  30 v o l t s .  A f t e r  th e  
e l e c t r o l y s i s  t h e  p ro d u c t  was i s o l a t e d  and  a n a ly s e d  f o r  
cadmium an d  h a lo g e n .
_ jC j) - E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  [CgF^CdBr^] a n io n
-  ■ •  3A s o l u t i o n  m ix tu re  c o n s i s t i n g  o f  2 .7 g  nP r^N B r, 8 cm
3 3
MeOH, 20cm an d  2cm CgF^Br was e l e c t r o l y z e d  f o r  5 _
h o u r s .  A f t e r  th e  e l e c t r o l y s i s  th e  r e a c t i o n  m ix tu re  was 
- f i l t e r e d  to  i s o l a t e  th e  p r o d u c t ,  w h ic h  was w ashed  w i th  
MeCN and  d r i e d  i n  v a c u o . D e t a i l s  o f  s o l u t i o n  c o m p o s it io n , 
e l e c t r i c a l  c o n d i t i o n  e t c .  a r e  g iv e n  i n  T a b le  4 .1  and  th e  
a n a l y t i c a l  d a ta  i n  T a b le  4 .2 .
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TABLE 4 .2
ANALYTICAL RESULTS FOR SALTS OF ORGANODIHALOCADMAXE ( I I )  ANIONS
•
Complex
3 .
Found (X) C a lc u la te d  (7.)
anxon H alo g en Cd H a lo g en  Cd
CH3CdBr2
CH3 C dI2"
3 3 .5  
4 5 .0  •
2 3 .6  
1 9 .8  '
3 3 .8
4 4 .8
2 3 .7
'1 9 .8
C2H5CdBr2~
C2H5 C dI2-
3 2 .7
4 3 .7
2 3 .2
1 9 .2
3 2 .8
4 3 .6
• 2 3 .3  
1 9 .3
n -C 4H9 C dI2" 4 1 .5 4 1 .7 --------
t - C 4HgCdBr2"
C6H5 CdCl2"
3 1 .0
1 5 .3 2 5 .2
3 1 .0
1 5 .9 2 5 .2
CgH5 CdBr2" 2 9 .2 2 1 .4 2 9 .0 2 1 . 0
C6H5c d I 2-
CF3 C dI^“
4 0 .9
2 5 .8
• 1 8 .1  
1 7 .7
4 1 .1
2 5 .6
1 7 .9
1 8 .0
CgF3 CdBr2~ 4 2 .6 1 7 .6 4 1 .8 1 8 .5
As th e  te tra -n -p ro p ly a m m o n iu m  s a l t  i n  e a c h  c a s e .
The p r e s e n c e  o f  te tra -n -p ro p ly a m m o n iu m  c a t i o n  was e s t a b l i s h e d  
b y  i n f r a r e d - s p e c t r o s c o p y .
TABLE 4 .3
CONDUCTIVITY MEASUREMENTS
Corapound ■ -C o n d u c tiv i ty
nu - 1  2 „ , - lOhm cm m ol
(C3H7 ) 4 NIMeCdBr2 ] ' 147
CC3H7 ) 4 N[MeCdI2 ] 138
(C3H7 ) 4 N[Et.CdBr2 ] 136
(C3H7 ) 4 N [E tC dI2 ] 140
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TABLE 4 .4
GAS ANALYSIS FOR SOME ORGANODIHALQGADMATE(II) COMPLEXES '
A nion Wt o f  Compound 
in  (g)
Gas - m easu red  a t  NTP 
3r n  cm
• Found _ C a lc u la t e d
MeCdI2” 0 . 2 0 1 8 .0  7 .9
E tC dB r2~ ' 0 .1 8 3 8 .4  8 .4
E tC d I2
t
0 .1 8 5 7 .0  ■. 1 7 .1  
*
c ^ 4 .5  R e s u l t s  and  d i s c u s s io n
E le c t r o c h e m ic a l ly  a s e r i e s  o f  te tra~ n -p ro p y lam m o n iu m  
s a l t s  o f  o rg a n o d lh a lo c a d m a te  ( I I )  a n io n s  h av e  b e en  p r e ­
p a r e d .  T h ese  fo rm  a  new g roup  o f  organocadm ium  h a l i d e  
c o m p le x e s . S im i la r  a n io n s  w i th  z in c  and  n te rc u ry  h av e  n o t  
b e e n  p r e p a r e d ,  a l th o u g h  G o g g in , G o o d fe llo w  and H u r s t ^ ^  
h av e  i d e n t i f i e d  RHgX^ s p e c i e s  (R = Me, E t ,n - C 2Hy, n-C^K^ ;
X = C l , B r ,  I ,  SCN) s p e c t r o s c o p i c a l l y  i n  v a r io u s  o r g a n ic
T17  1
s o l v e n t s .  R oder and  D ehn icke7  h av e  p r e s e n te d  H NMR
e v id e n c e  f o r  th e  o c c u re n c e  o f  th e  fo l lo w in g  ex ch an g e
e q u i l i b r i a  i n  th e  m ix tu re  o b ta in e d  by d i s s o lv in g
te t r a m e th y  1 ammonium c y a n a te  and  th io c y a n a te  i n  d im e th y l-
cadmium (X = OCN, SGN) ,
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[CCH*3 ) 2 Cd*X]“ +  ICCH3 ) 2c <i* X 3 " =  ICH3 ) * 2 CdX]~ +  (CH3) 2 C d X r-
b u t  th e y  f a i l e d  to  i s o l a t e  t h i s  p a r t i c u l a r  a n io n ic  s p e c i e s .
The d i r e c t  e le c t r o c h e m ic a l  s y n t h e s i s  w h ic h . le a d s  to  
t h e  fo rm a t io n  o f  R C d ^  s a l t s  w ith - e a c h  o f  th e  e le m e n ts  :f ’ 
c h l o r i n e ,  b ro m in e  and  io d in e  an d  w i th  a  v a r i e t y  o f  o r g a n ic  
g ro u p s  and  th e  s y n t h e s i s  a p p e a rs  to  b e  a. g e n e r a l  one f o r  
th e s e ~ lk i io n s . N o t-o n ly  a r e  cad m lu m -a lk y l and  a r y l  bonds 
fo rm e d / in  t h i s  w ay, b u t  th e  p e r f l u o r o  d e r i v a t i v e s  a r e  a l s o  
a c c e s s i b l e ;  .th e  a n io n  [CF3 CdI2 ] a p p e a rs  to  b e  th e  f i r s t  
exam ple  o f  a  c r y s t a l l i n e  compound c o n ta in in g .C d -C F 3 b o n d .
The te tra -n -p ro p y la m m o n iu m  s a l t s  o f  th e  R C d ^  a n io n s  
a r e  m o i s t u r e - s e n s i t i v e  m a t e r i a l s ,  and  i n s o l u b le  i n  th e  
common o r g a n ic  s o l v e n t s , w h ich  u n f o r t u n a t e l y  p r e v e n te d  any 
s t u d i e s  o f  t h e i r  nm r s p e c t r a .  T h e ''p re s e n c e  o f  th e  t e t r a - n -  
propylam m onixm  c a t io n  was e s t a b l i s h e d  b y  i n f r a r e d  s p e c t r o -  . 
sco p y  f o r  e a c h  compound p r e p a r e d .  '
The s t o i c h io m e t r y  s u g g e s ts  a  s t r u c t u r a l  s i m i l a r i t y  to  
th e  m o n o n u c le a r  CdX^Y a n io n  (X ^  Y = C l ,B r , I )  r e p o r t e d
112r e c e n t l y  and  shwon to  in v o lv e  t h r e e  c o o r d in a te  cadmium, 
b u t  a  d e t a i l e d  s t r u c t u r a l  i n v e s t i g a t i o n ,  p ro b a b ly  a t  th e  
l e v e l  o f  x - r a y  c r y s t a l l o g r a p h y ,  w i l l  b e  r e q u i r e d  to  i n v e s ­
t i g a t e  t h i s  a n a lo g y . In d e e d , th e  s o l u b i l i t i e s  o f  th e  
r e s p e c t i v e  compounds s u g g e s t  some s t r u c t u r a l  d i f f e r e n c e s ,  
s i n c e  th e  s a l t s  o f  th e  p e rh a lo g e n o  s p e c ie s  CdX3~ and  C d ^ Y -
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, a r e  s o l u b l e  i n  a c e t o n e / a c e t o n i t r i l e  o r  m e t h a n o l / a c e t o n i t r i l e
r
m ix tu r e s ,  w h e rea s  su c h  s o l v e n t s . c o u ld  n o t  h e  u s e d  f o r
r e c r y s t a l l i z i n g  th e  R C d ^  s a l t s .
The g e n e r a l  i n s o l u t b i l i t y  i n  o r g a n ic  s o l v e n t s  c o n t r a s t s
w i th  th e ' a p p r e c ia b le  s o l u b i l i t y  i n  th e  e l e c t r o l y t e  s o l u t i o n ,
#
w h ic h  may b e  due to  th e  fo m ra t io n  o f  [RCcD^S} a n io n  i n
th e  l a t t e r  p r  to  a s s o c i a t i o n  w i th  h a l i d e  io n  to  g iv e  
2—[RCdX^] ^ . B o th  t h e s e  p ro p o s e d  s p e c i e s  in v o lv e d  f o u r  
c o o r d in a te  cadmium, an d  a  s i m i l a r  i n c r e a s e  i n  c o o r d in a t io n  
num ber i n  t h e  s o l i d  s t a t e  by  h a l i d e  b r i d g i n g ,  r e p o r t e d  f o r  
many cadmium c o m p lex e s , may b e  r e s p o n s i b l e  f o r  th e  i n s o l u -  
' b i l i t y  o f  th e  c r y s t a l l i n e  m a t e r i a l .
M o la r C o n d u c t iv i ty
D e s p i te  th e  low  s o l u b i l i t y  o f  th e  s a l t s , i t  was p o s s i b l e
to  d i s s o l v e  s u f f i c i e n t  m a t e r i a l  i n  a c e t o n i t r i l e  to  a llo w
d e te r m in a t io n  o f  th e  m o la r  c o n d u c t i v i t i e s  o f  mM s o l u t i o n s .
The r e s u l t s  w ere  g iv e n  in  T a b le  4 .3 .  The n o rm a l ra n g e  o f
v a lu e s  f o r  1 : 1  e l e c t r o l y t e s  i n  a c e t o n i t r i l e  i s  120-160 
—2 - 1  118ohm cm m ol w h ic h  a g re e s  w i th  th e  f o r m u la t io n  o f
th e  compounds in  q u e s t io n  a s  1 : 1  e l e c t r o l y t e s . i n  s o l u t i o n .  
T h is  c o n c lu s io n  i s  n o t  h o w ev er, unam biguous (_cf- - r e f .  118) , 
a n d  in - any c a se  su c h  r e s u l t s  do n o d * .e s ta b l is h  th e  s o l i d  
s t a t e  s t r u c t u r e .  The m ain c o n c lu s io n  m ust b e  t h a t  th e  
compounds a r e  in d e e d  s a l t s '  o f  o rg a n o h a lo c a d m a te  a n io n s .
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Gas A n a ly s is
R e s u l t s  g iv e n  i n  T a b le  4 .4  show s t h a t  f o r  e a c h  m ole 
o f  a c e t i c  a c i d ,  1  m ole o f  a lk a n e  g a s  w a s -e v o lv e d , w h ich  
i s  c o n s i s t e n t  w i th  th e  f o l lo w in g  e q u a t io n .
AcOH + iR C dX ^'-  ----------> [AcOCdX^” +  RE
w here  AcOE = CE^COOH
R = Me, E t ,
- X -  I ,  B r
R e a c tio n  M echanism
The r e a c t i o n  m echan ism  in v o lv e d  i n  th e  fo rm a t io n  o f  
ERCdX^ h a s  n o t  b e e n  i n v e s t i g a t e d ,  s i n c e  i t  seem s c l e a r  
t h a t  th e  f o rm a t io n  o f  RCdX i n  th e  p r e s e n c e  o f  e x c e s s  ^
Pr^NX w i l l  r e a d i l y  g iv e  r i s e  t o  Pr^N[RCdX2 . ] .
113The e le c t r o c h e m ic a l  o x id a t io n  o f  cadmium t o  g iv e  
■ RCdX h a s  b e e n  d i s c u s s e d  i n  th e  C h a p te r  I I I ,  a t  w h ic h  tim e  
i t  was r e p o r t e d  t h a t  th e  e le c t r o c h e m ic a l  y i e l d  c o rre s p o n d s  
to  th e  r e a c t i o n  se q u e n c e  shown i n  e q u a t io n s  ( 4 .1  -  4 . i o  w i th  
C athode
■ RX +  e “ --------------- ^  R‘ +  X~ ...............4 .1
Anode X" +  Cd ---------------> CdX +  e ~ . . . . . . . 4 . 2
CdX +  RX —  ---------- * RCdX + X* / . .  . . 4 .3
X' +  Cd ---------------^  CdX. ' ........... 4 .4
E q u a tio n s  4 .3  and  4 .4  p r o v id in g  a  se q u e n c e  o f  r e a c t i o n s  to  
e x p la in  th e  c u r r e n t  e f f i c i e n c i e s  (r^2 m ol cadmium 
d is s o lv e d /F a r a d a y  ( c f .  r e f .  53} The s t a b i l i z a t i o n  o f  
RCdX by  R4 NX
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RCdX +  R’ 4NX -------------- +  R*4N £RCdX23
th e n  y i e l d s  t h e  o b s e rv e d  p r o d u c t .
The e le c t r o c h e m ic a l  m eth o d  p r e s e n t s  a  c o n v e n ie n t ,
' '  * s im p le  an d  e f f i c i e n t  m ethod  o f  p r e p a r in g  new organocadm ium
compounds i n  gram  q u a n t i t i e s .
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CHAPTER V
ELECTROCHEMICAL AND CHEMICAL SYNTHESIS OP ARYLCADMTUM 
COMPOUNDS CONTAINING 2 -  CNYN-DIMETHYLAMIN0)M£IHYL GROUP 
 :--------- T -------- AT thE arYL NttCLEtS--------- -----------------------
5 .1  I n t r o  d u c t io n '
S e v e r a l  w o rk e rs  h a v e  p r e p a r e d  com plexes c o n ta in in g  a l k y l  
o r  a r y l  l ig a n d s  w h ich  c h e l a t e  to  th e  m e ta l  v i a  a  s u b s t i t u e n t  
d o n o r . I n  t h e  p r e s e n t  w orks (N, N- dime th y  1 am ino) me th y  lp h e n y  1 
was s e l e c t e d  s in c e  t h i s  l i g a n d  shows im p o r ta n t  c o o r d in a t in g  
p r o p e r t i e s .  I t s  s t a b i l i t y  can  b e  a t t r i b u t e d  to  th e  f a c t  • 
t h a t  th e  l ig a n d  i s  s t e r i c a l l y  b u lk y ,, s t e r e o  c h e m ic a l ly  r i g i d ,  
and  c h e la t e s ' s t r o n g l y .
119 VJ_. G. N o lte s  e t  a l .  h a s  r e p o r t e d  th e  s y n t h e s i s  o 'f
21 (N ,N -d im eth .y lam in o );m eth .y lJp h en y lco p p er a s  w e l l  a s  i t s  3
o r  5 - s u b s t i t u t e d  m e th y l ,  m ethoxy  an d  c h lo r o - d e r i v a t i v e s
b y  m e th a th e s i s  o f  th e  c o r r e s p o n d in g  o r g a n o l i th iu m  compounds
w i th  c u p ro u s  b ro m id e , u s in g  d i e t h y l  e t h e r  a s  a  s o l v e n t .
RT R’
L i
R
E t~ 0
NMe0 +  CuBr ------------*
2 - 2 0  :25
A / ® 2 '
+  L iB r
NMe^
w here  R 
R 
R
R* = H 
Me, Rf .= H 
MeO, R‘ -  H
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l / -R - . C l ,  R* -  H
R -  H, R’ * -C l
The a n a lo g o u s  4 Qn, N- dime th y  lam in o ) me t h y l  -  sub s t  i  t u t e d
%
c o p p e r  compound was a l s o  s y n t h e s i s e d ,  and  fo u n d  to  b e  
i n s o l u b l e  i n  h y d ro c a rb o n  and  e t h e r  s o l v e n t s .
» ■ OMe
+  CuBr
L i cr2- NMe,
iMe
CH.
NMe/ 2
+ L iB r
The r e a c t i o n  o f  2 -  (N, N- dim e th y  lan rin o ) p h e n y l l i t h i u m  w i th
c u p ro u s  b ro m id e  y i e l d s  e t h e r  and  h y d ro c a rb o n  i n s o l u b l e
1202 -  CN, N -d im eth y lam in o ) p h e n y lc o p p e r .
2
+  CuBr
L i
+  L iB r
The r e v e r s e  a d d i t i o n  o f  b o th  r e a g e n t s  Ci - e - > a d d i t i o n  o f  
2 - C N ,N -d im e th y la m in o )p h e n y llith iu m  to  a  s u s p e n s io n  o f  
cu p ro u s b ro m id e  i n  e th e r )  g iv e s  r i s e  t o  th e  f o l lo w in g  p r o ­
d u c ts  .
NMe.,
Slow ; 25
F a s t  -2 0  C
+ 3CuBr ----------------->
-2 L iB r ;  2. h r  s.
NMe.
NMe.
* CuBr -j- L iB r. 
2
- L iB r ; 22 h r s .
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Lexis i n k ,  K o te n  a n d  N o lte s  h a v e  p r e p a r e d  2 - C.N, N -d im eth y lam in o )
121m e th y l ]p h en y  I s  i l v e r  b y  th e  r e a c t i o n  o f  2 -  C N .N -dim ethyl-' 
am ino) me th y  lp h e n y  1  l i  th iu m  w i th  s i l v e r ,  b ro m id e  i n  d i e t h y l -  
e t h e r ,  w h ic h  a f f o r d s  an a lm o st, c o lo u r l e s s  b e n ze n e  s o lu b le  
compound. -
,CH2 -NMe2 E t 20
AgBr
- 6 0 ° ,  0 °  16 h r s
2 NMe2 . 
g '+  L iB r
B is  2 - [ CN.N-dime thylam Lno)m e th y  I jp h e n y lg o ld  l i t h i u m  was
sy rffch es ised  b y  t h e  r e a c t i o n  o f  2 CN, N -d im e th y la m in o )p h e n y  1 -
—  122 l i t h i u m  w i th  g o ld  b ro m id e  t r ip h e n y lp h o s p in e  a d d u c t .
L i
NMe2 +  BrA u.PPh^
Cl) -P P h3 ; L iB r
E t 20 ; 25 £ .
CH.
N o lte s  e t  a l .  h a v e  f u r t h e r  r e p o r t e d  a  n o v e l  r e a c t i o n  o f
Z M e ^ -C t^ , 2Me2N- and  d i  and  t r im e th o x y -  s u b s t i t u t e d  * 
p h e n y lc o p p e r  compounds w ith  a l k y l  o r  a r y l - t i n  b ro m id e  to  
g iv e  e x c l u s i v e l y  th e  m ixed  C s u b s t i t u t e d  p h e n y l)  dime th y  1't i n  
b ro m id e s .
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Cu +  R^SnBr2
X ' X
w here  . .
R » Me, X =' Z - M e ^ - C ^ .
R -  Me, X = 2-Me2N- '
R * Me, X » 4-Me0N.
R = Me, X -  2-MeO.
V,R = Me, X = 2 ,6 -(M eO )2 .
R -  Me, X =» 2 ,4 ,6 -(M e O )3 .
R = P h , X = 2-Me2NCH2 .
T
Work h a s  a l s o  b e e n  r e p o r t e d  on th e  s y n t h e t i c  • u t i l i t y  o f '
N, N- dime th y  lb e n z y la m in e  and  i t s  com plex  fo rm a tio n  w i th
1 0 /
some t r a n s i t i o n  m e ta ls  l i k e  chrom ium , .p la t in u m  and
125 126p a l la d iu m , t i t a n i u m  an d  vanad ium .
The w ork  r e p o r t e d  i n  t h i s  c h a p te r  d e a ls  w i th  th e  
e le c t r o c h e m ic a l  s y n t h e s i s ,  c h e m ic a l s y n t h e s i s  and  c h a ra c ­
t e r i z a t i o n  o f  LCdBr, LCdMe, LCdPh and  L2Cd com pounds.
w h e re .L  i s  N ,N -dim e th y  lb e n z y la m in e  
*>
5 .2  E x p e r im e n ta l
A l l  r e a c t i o n s  w e re  c a r r i e d  o u t  i n  an  a tm o sp h e re  o f  d ry  
o x y g e n - f re e  n i t r o g e n .  S o lv e n ts  w ere  c a r e f u l l y  p u r i f i e d  an d  
d i s t i l l e d  u n d e r  n i t r o g e n  b e f o r e  u s e .
In  th e  e le c t r o c h e m ic a l  p re p a ^ a n iQ T ^ g f 2 -£  CN, N -d im e th y l- . 
a m in o )m e th y l]p h e n y lc a d m iu m (II)  b ro m id e , o-brom o CN,N-dime th y  1 - 
b e n z y la m in e )  was u s e d  as a s t a r t i n g  r e a g e n t , w h ich  u n d e rg o e s
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' o x i d a t i v e  i n s e r t i o n  w i th  cadm ium , s i m i l a r  t o  t h a t  o f  a r y l  
h a l i d e  i n  th e  e le c t r o c h e m ic a l  c e l l .
*
D r. R ic h a rd  S te e v e n z  i s  th a n k e d  f o r  h e lp in g  i n  t h e  
p r e p a r a t i o n  o f  s t a r t i n g  m a t e r i a l s , a n d  f o r  h e l p f u l  d i s c u s s io n s .
5 .3  S y n th e s is  o f  o -b rom o .CN,N-dime th y  lb e n z y la m in e )
To a  p r e h e a te d  (.50°) 40.0% aqueous C32g/55cm^ H«0)
127 17 0 .0  mmol dime th y  la m in e  's o lu t io n  w as s lo w ly  added
20.0m m ol C48.0g) d ib ro m o to lu e n e . The te m p e r a tu re  was
i n c r e a s e d  to  70°C a f t e r  2 h o u r s , th e  se c o n d  p o r t i o n  o f
40% aqueous 7 0 .0  mmol dime th y  lam in e  a d d e d , an d  th e  m ix tu re
h e a t e d  f o r  a  f u r t h e r  3 .5  h o u r s .  The l i g h t  g r e e n is h - y e l lo w
o r g a n ic  l a y e r  was s e p a r a t e d  and th e  aq u eo u s l a y e r  w ashed
s e v e r a l  t im e s  w i th  b e n z e n e . The com bined  b e n z e n e  and
o r g a n ic  p h a se  was d r i e d  o v e r  a n h y d ro u s  sod ium  s u lp h a te ,
c o n c e n t r a te d  and  f i n a l l y  d i s t i l l e d  ( b .p  60°G a t  Q.Imm) to
g iv e  a  c l e a r  c o lo u r l e s s  l i q u i d  w i th  an o v e r a l l  y i e l d  .o f
3 4 .Og C78.0% ). ’X
5 .4  L i t h i a t i o n  o f  N ,N - dime th y  lb e n z y la m in e
. I n  th e  c h e m ic a l p r e p a r a t i o n  o f  b i s ^ 2 - [  CN, N-dime th y  1-
am ino) me th y  l^ p h e n y l^  cadm ium , o - l i t h i o - N  ,N- d im e th y lb e n z y l-
amine- was u s e d  a s  one o f  th e  s t a r t i n g  r e a g e n t s .
N, N-dime th y  lam inom e th y  1 s u b s t i t u t e d  a r y l l i t h i u m
m a t e r i a l  h a s  b e en  p r e p a r e d  v i a  L i-H  ex ch an g e  r e a c t i o n  o f
128 129th e  c o r re s p o n d in g  a re n e  w i th  n - b u t y l l i t h i u m .  y
' I t  was o b s e rv e d  t h a t  th e  r e a c t i o n  o f  N, N- dime th y  1- 
b e n z y  lam in e  w i th  n - b u t y l l i t h i u m  (1 : 1 ) r e s u l t s  in  a lm o s t
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q u a n t i t a t i v e  l i t h i a t r o ^  (9 0 - 100%) a t  th e  o r th o  p o s i t i o n  ■
o f  dime th y  lb e n z y  la m in e .
N, N -d im e th y lb e n z y la m in e  CIO mmol) w as a d d ed  a t  room
te m p e r a tu re  to  a . s o l u t i o n  o f  10 mmol o f  b u t y l  l i t h i u m
3(2M s o l u t i o n  i n  h e x a n e )  i n  e th e r /h e x a n e  C50cm ) .  The
r e a c t i o n  m ix tu re  w as s t i r r e d  a t  room  te m p e ra tu re  u n t i l  
79G ilm an t e s t  I I  f o r  th e  p r e s e n c e  o f  b u t y l l i t h i u m  was 
n e g a t iv e .
5 .5  A n a l y t i c a l  te c h n iq u e s
A n a ly s is  f o r  m e ta l  w as b y  a to m ic " a b s o r p t io n  s p e c t r o ­
p h o to m e try  and  f o r  b ro m in e  by  Vo I h a r d  t i t r a t i o n  a s  d e s c r ib e d  
i n  C h a p te r  I I I  o f  t h i s  d i s s e r t a t i o n .
• P ro to n  NMR s p e c t r a  w e re  ru n  in  th e  s o l v e n t  CDCl^', u s in g  
TMS a s  i n t e r n a l  s t a n d a r d  ( s e e  T a b le  5 . 3 ) .  The i n f r a r e d  
s p e c t r a  w ere  r e c o r d e d ,  •using Cesium  i o d id e  p e l l e t s  (T a b le  
5 . 2 ) .  The m ass s p e c t r a  o f  LCdPh. compound was r e c o r d e d  by  
th e  E . I .  te c h n iq u e  (T a b le  5 . 4 ) .
5 .6  P r e p a r a t i v e  c h e m is try
Ca) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  LCdBr
i . e .  , 2 -£ (N , N -d im eth y lam in o  (m e th y l]p h e n y lc a d m iu m (II)  
b ro m id e .
The r e a c t i o n  was. c a r r i e d  o u t  i n  a  v e s s e l  o f  twp arm
C e ll  B (F ig -  2 .1 ) .  The s o l u t i o n ,  c o n s i s t i n g  o f  2g o f  i
o -b ro m o (N ,N -d im e th y .l)b e n z y la m in e , a c e t o n i t r i l e / b e n z e n e
CCa 9cm ; 2 :1  V/V m ix tu r e )  c o n ta in in g  a p p ro x im a te ly  lOmg
**•
o f  E t^N C lO ^, was p o u re d  i n t o  one o f  th e  arms o f  th e  H - C e l l ,
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a n d  a f t e r  a  s e r i e s  o f  e v a c u a t io n / f r e e z in g  c y c le s  t o  rem ove 
d i s s o lv e d  o x y g e n , th e  s o l u t i o n  m ix tu r e  was d e c a n te d  i n t o  
th e  se c o n d  arm  w h ere  a  p i e c e  o f  cadmium m e ta l  (an o d e ) was - 
su sp e n d e d  on  a  t h i n  p la t in u m  w i f e ,  w h ich  e n te r e d  th e  
v e s s e l  th ro u g h  a  "Teflon** p lu g .  The c a th o d e  w as a  tu n g s te n  
w ir e  f u s e d  i n t o  th e  s id e  o f  e le c t r o c h e m ic a l  c e l l .  The 
cadmium was e l e c t r o c h e m ic a l ly  o x id iz e d  f o r  5 t o  6 h o u rs  
w i th  an  i n i t i a l  c u r r e n t  o f  30mA. and  40 v o l t s . The w h i te  
m a t e r i a l  w h ic h  fo rm ed  i n  th e  c e l l  was c o l l e c t e d ,  d r i e d  i n  
'v a c u o , an d  a n a ly s e d  f o r  cadmium an d  b ro m in e  (T a b le  5 .1 )  .
I n  two s e p a r a t e  e x p e r im e n ts ,  98mg and  75mg o f  cadmium was 
l o s t  from  th e  anode a n d  186mg an d  154mg o f  p r o d u c t  o b ta in e d  
r e p r e s e n t i n g  y i e l d s  o f  65-70% .
The p r o d u c t  was shown to  b e  LCdBr and  th e  p r o c e s s  
r e p r e s e n t s  s t o i c h i o m e t r i c a l l y  t h e  e le c t r o c h e m ic a l  i n s e r t i o n  
o f  cadmium i n t o  a  c a rg o n -b ro m in e  b o n d , a  r e a c t i o n  p r e v io u s ly  
r e p o r t e d  f o r  a  v a r i e t y  o f  a l k y l  apd  a r y l  h a l i d e s . T^ie 
p r o d u c t  i s  i n s o l u b l e  i n  a c e t o n i t r i l e ,  c h lo ro fo rm , b e n z e n e  
and  a c e to n e ,  b u t  shews, s o l u b i l i t y -  i n  warm p y r i d i n e .
(b) P r e p a r a t io n  of- LCdMe and  LCdPh
( I )  110 mg o f  LCdBr (a p p ro x im a te ly  0 .3 4  mmol) and  an
^  3
e q u im o la r  q u a n t i t y  o f  MeLi w ere  r e f l u x e d  i n  5cm o f  d r y  
b e n ze n e  d i e t h y l  e t h e r  (1 :1  V/V m ix tu r e )  u n d e r  n i t r o g e n  f o r
3 -4  h o u rs  w i th  'c o n tin u o u s  m e c h a n ic a l  s t i r r i n g .  The s o l u ­
t i o n  was th e n  f i l t e r e d ,  w h ic h  rem oved L iB r and  th e  p ro d u c t  
w ashed  s e v e r a l  t im e s  w i th  d i e t h y l  e t h e r .  The p r o d u c t  i s -
»
: -----------— -------------- :----------- / ^ r  ■ --------------------  ---------------------
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LCdMe (76m g, 85% y i e l d )  *diich  i s  i n s o l u b l e  i n  a c e to n e ,  
a c e t o n i t r i l e  o r  b e n z e n e  a t  room  te m p e r a tu r e , b u t  shows 
s o l u b i l i t y  'in  p y r id in e ' and  i s  s l i g h t l y  s o l u b l e  i n  h o t  
b e n z e n e .
C ii). • S i m i l a r  r e a c t i o n  w i th  P h L i(C a  0 .3 5  mmol, 107mg
0 .3 3  mmol LCdBr) y i e l d e d  LCdPh (95m g, 89% y i e l d )  w h ich  h a s  
s i m i l a r ,  s o l u b i l i t i e s  to  th e  m e th y l a n a lo g u e .  B o th  p r o d u c ts
1 . e . ,  MeCdL-and PhCdL w e re . a n a ly s e d  f o r  cadmium (T a b le  5 . 1 ) .
1
( c )  P r e p a r a t i o n  -of 'B i s [ 2 - ( N ^ - d lm e th y la m in o m e th y l)p h e n y l j -  
cadmium - i "
A sa m p le ^ o ^ O  .9 g  C5.0 mmol) s o l i d  a n h y d rous CdClp^was
s lo w ly  a d d ed  \ ( in  a b o u t  1 .5  h o u r s )  a t  room  t a n p e r a t u r e  to  a
f r e s h l y  p r e p a r e d  s u s p e n s io n  o f  2 - [ (d im e th y la m in o m e th y  1) p h e n y l]
3l i t h iu m  (1 0  mmol) i n  60cm o f  e t h e r .
The m ix tu r e  was th e n  l e f t  s t i r r i n g  f o r  an a d d i t i o n a l
3 h o u rs  a t  w h ic h  t im e  th e  r e a c t i o n  m ix tu r e  show ed a  v e ry
l i g h t  g re y  s u s p e n s io n .  The i n s o l u b le  m a t e r i a l  was f i l t e r e d
o f f  and  th e  o r g a n ic  s o l u t i o n  c o n c e n t r a te d  to  a  y e llo w  o i l .
3
The v is c o u s  o i l  was r e d i s s o l v e d  i n  10cm b e n ze n e  and  th e  
m urky s o l u t i o n  r e f i l t e r e d  an d  c o n c e n t r a te d  a g a in  to  a  t h i c k  
y e llo w  l i q u i d .  The r e s u l t i n g  o i l  was t r e a t e d  d ro p w ise  w i th  
5-10cm  p e tro le u m  e t h e r  ( b .p  3 0 -6 0 ° )  and  im m e d ia te ly  c o o le d  
by  r a p i d  e v a p o r a t io n  .o f  a  s m a ll  p o r t i o n  o f  s o lv e n t  i n  vacuo .' 
T h is  a f f o r d e d  w h i te  c r y s t a l l i n e  p a r t i c l e s  w h ich  w ere  ^
f i l t e r e d  o f f  and  w ashed  w i th  c o ld  p e tro le u m  e t h e r  s o lv e n t  
and  th e n  d r i e d  i n  v a c u o . An a v e ra g e  y i e l d  o f  0 .3 g  (16.0% )
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m i
»
o f  th e  organocadm ium  compound was o b ta in e d .
( i i )  Comments
. I n  th e  above  r e a c t i o n  s o l i d  CdCl0 w as ad d ed  to  th ez.
o r g a n o l i th iu m  s u s p e n s io n  a f f o r d i n g  th e  d e s i r e d  I^C d  and  
L iC l .  The t o t a l  re m o v a l o f  L iC l was e f f e c t i v e l y  accom­
p l i s h e d  by  th e  a d d i t i o n  o f  b e n z e n e  an d  s u b s e q u e n t  f i l t r a t i o n l  
The r e v e r s e  a d d i t i o n  p ro d u c e s  a  l e s s  s e l e c t i v e  r e a c t i o n ,  
a s  i n d i c a t e d  b y  i s o l a t i o n  o f  many u n i d e n t i f i e d  b y -p ro d u c ts  
■which c a u se d  d i f f i c u l t y  i n  t h e  i s o l a t i o n  an d  p u r i f i c a t i o n  
o f  th e  L^Cd. I n  t h e  p r im a ry  s t u d i e s ,  C d B ^  was u s e d  r a t h e r  
■than t h e  c o r re s p o n d in g  C d C ^ . The f i n a l  I^C d  p r o d u c t  was ' 
o b ta in e d ,  b u t  was c o n ta m in a te d  w i th  t r a c e  am ounts o f  L iB r .
I t  a p p e a re d  t h a t  L iB r  i s  s l i g h t l y  s o l u b l e  i n  m ost o r g a n ic  
s o l v e n t s  e s p e c i a l l y  i n  b e n z e n e . D u rin g  th e  c o u rs e  o f  th e  
r e a c t i o n ,  p i e c e s  o f  su sp e n d e d  g re y  m a t e r i a l  w e re  o b s e rv e d  
i n  s o l u t i o n  (p re su m a b ly  cadmium m e ta l)  . T h is ; was c o n firm e d  
b y  a n a l y s i s ,  when i t  was n o te d  t h a t  th e  i n s o l u b l e  b y -p r o d u c ts  
c o n ta in e d  37.0%  cadm ium . The w h ite  c r y s t a l l i n e  m a t e r i a l  
L2 Cd, r e a d i l y  decom posed in . a i r  a s  o b s e rv e d  i n  NMR and 
i n f r a r e d ,  s p e c t r o s c o p y .
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TABI£ 5 .1
A n a l y t i c a l  r e s u l t s  f o r  LCdBr, LCdMe, LCdPh & L^Cd Compounds
Compounds
i
A n a ly s is  (Found (C a lc d )  (%)
ftadmi tttti H a lo g en
LCdBr 3 4 .7 2 4 .6
* (3 4 .4 ) (2 4 .5 )
LCdMe 4 1 .9 _  _  _  _
( 4 2 -9)
LCdPh 3 4 .9
(3 4 .7 5 )
L«Cd 2 9 . 0z ■ (2 9 .5 )
w here  L = N, N' -  dim e th y  lb' enzy-lam ine
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TABLE .5 .2
I n f r a r e d  s p e c t r a  o f  LCdBr, LCdMe ( LCdPh, & I^C d  Compounds
Cln cm )
Compound IR  V ib r a t io n  Cin cm~^)
LCdBr 455 O n)'/ 625 (m) , 675 Cm), -800-820C st) , . 
1025 C st) , 110 0 C s t ) ,  1 4 6 0 0 n .b r)
2 8 3 0 (w ), 2950Cm).
LCdMe 455 (w ), 5 2 0 -5 4 0 (m .b r)  , 625 f c t )  , 
6 8 0 Cm), 8 0 0 -8 2 5 C s t ) ,
1100-Cst)", 1410 Cm), 1460 Cm), . 
2820 Cv), 2950 Cm) .
LCdPh 410 Cw)., 460 Cm) , 680 Cm) ,
800-830 C st) ", lQ 2 0 C s t) ,  1100 C st) ,
1450Cm), 1 6 0 0 Cw), 283aCw) , 
2990 Cm).
L2Cd . - ' 4 1 0 Cm), 67 0 (m ), 8 2 0 -8 3 0 C st) ,
- 1020 C s t ) ,  1 1 0 0  C s t ) ,  1450 Cm),
* 28 3 5 Cw), 28 3 5 Cw), 2980Cm). 
*
w here  m = m edium , s t  -  s t r o n g ,  w = w eak , m .b r  -  medium b ro a d
■a
•
»
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TABLE 5J3
^H.NMR S p e c t r a  i n  (ppm)
Compound CCH3>2N -CH2N, -CH2-P h A ro m a tic
N, N -dim e th y  lb e n z y  lam in e
<
B is  2 - (N , N -d im eth y 1 - 
am in o m eth y l) pheny  1-  
cadmium - *"
2 . 2 2  ( s )  
1 . 2  ( s )
3 .3 9  Cs) 
3 .4 5  ( s )
,  ■ "  >
' 7 .2 7  (m)
7 . 0 - 8 . 0  (m)
Run. i n  CdCl^ s o l v e n t ,  r e p o r t e d  i n  ppm (s). 
d o w n f ie ld  fro m  i n t e r n a l  TMS,
s = s i n g l e t ,  m = m u l t i p l e t
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TABI£ 5 .4
Mass Spectrum of 2- [ (N. N-dime thy lflTTn-no)ine thy Ijpheny lcadmiuni(II)- -  ■ pfrgpyj^ ' “
E le c t r o n  im p a c t e x c i t a t i o n  
io n  s o u rc e  * 190°
l is t  t&reshold «* 0.10% relative abundance
. m /e /  ^  i n t e n s i t y  
\  ^
p r o v i s i o n a l  a s s ig n m e n t 
C m onopositive  s p e c ie s )
4 2 .0 6 892 c2H4N
4 3 .0 6 1162 C ^ N  ■
5 8 .0 9 4416
-  W
76.09 90 ■ , G6E4
77 .09 230
9 0 .1 2 . 551
■ C7H7 •
9.1.12 • 690 A
4
109.15 221 -
110 .1 8 .  86 '
1 1 1 .1 8 313
1 1 2 .1 8 •65 Cd
113 .2 1 83 v 
. 2^132 .1 8 c 9h 12n
133 .15 79
-
• >
134 .18 283 CgH13N
-
** .
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m /e i n t e n s i t y p r o v i s i o n a l  p o s i t i v e  
s p e c ie s
189 • - . 16 -
190 14 C6Hs Cd .
1 9 1 .3 1 • 68  v . • ■
2 1 2 .1 5 578
2 13 .15 1216 '  C?H4NCd
2 14 .15 622
215 .15 1220  ' •
247 34 11
2 4 8 .4 3 '  8 CgH1QNCd
2 4 9 .4 3  
• * 0
6
2 65 .46 io-
Cl 2HlQ Cd
2 6 7 .4 6 9 •
3 2 2 .4 9  
3 2 3 .5 9
25
20
. C15H17NCd 
Cm ol^.cular io n )
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5 .7  . R e s u l t s  *and D is c u s s io n
—  • >   --
The e le c t r o c h e m ic a l ,  r e d u c t io n  o f  o -b rom o N ,N -d im e th y l-
b e n z y l  am ine » s i m i l a r  to  t h a t  o f  a l k y l  o r  a r y l  h a l i d e ^ ^ ’^ ^
i n  t h e  p r e s e n c e  o f  a n o d ic  cadmium m e ta l  g iv e s  a  c r y s t a l l i n e
p r o d u c t  w hose a n a l y s i s  CTable 5 .1 )  show ed t h a t  th e  p ro d u c t
N ,N -dim e th y  lb e n z y  la m in e - C d ^  b ro m id e  h a s  b e e n  fo rm ed .
The c o l l e c t i o n  o f  s p e c t r a l  d a ta  a n d  o t h e r  d a te  w h ich  c o u ld
h a v e  g iv e n  in f o r m a t io n  a b o u t th e  s t r u c t u r e  o f - t h i s  com plex
was ham pered  by  th e  i n s o l u b i l i t y  i n  h y d ro c a rb o n  and  some
.  ♦
p o l a r ,  s o l v e n t  l i k e  a c e t o n i t r i l e , c h lo ro fo rm  and  a c e to n e .
The i n s o l u b i l i t y  o f  p h e n y l  cadmium b ro m id e  h a s  .b e e n  u se d
by  s e v e r a l  a u th o r s  a s  an a rg u m en t f o r  p o ly m e r ic  s t r u c t u r e .  
T h is  m a t e r i a l  w h ich  a n a ly s e d  a s  LCdBr m ig h t h a v e  a  f o u r  
c o o r d in a te  d im e r ic  s t r u c t u r e  a s  shown b e lo w .
Meo
Me
B r
CdCd,
B r
P h e n y l o r  m e th y l g ro u p s  b o n d ed  to  l i t h i u m  r e a d i l y  ex ch an g e  
$ w i t h  m e ta l -h a i l id e  b o n d s ; N o l te s  e t  a l . ^ ^  h av e  p r e p a r e d  p h e n y l  
c o p p e r  from  th e  r e a c t i o n  o f  P hL i w i th  cu p ro u s  b ro m id e  and  
h a v e  a l s o  r e p o r t e d  t h a t  t h e ^ e a c t i o n  o f  PhL i w i th  
g iv e s  d ip h e n y l  dime th y  I t  i n  a s  t h e  m a jo r  p r o d u c t  88%. T h is
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m eth o d  was s u c c e s s f u l l y  a p p l i e d  t o  p r e p a r e  LCdPh an d  LCdMe
i n  q u a n t i t a t i v e  y i e l d  b y  t h e  r e a c t i o n  o f  LCdBr and  P hL i o r
MeLi r e s p e c t i v e l y .  -
The s t r u c t u r a l  in f o r m a t io n  on th e s e  two compounds i s
u n c l e a r  a t  t h i s  moment s in c e  n o  c o n c lu s iv e  m o le c u la r  w e ig h t
d a ta  c o u ld  b e  o b ta in e d .  I t  i s  n o te w o rth y  t h a t  LCdMe-and-
' ■ # . *  ■
LCdPh compounds d i s s o lv e  i n  s t r o n g  c o o r d in a t in g  s o lv e n ts  
su c h  a s  p y r id in e ^ -  w h ich  s u g g e s t s  t h a t  th e  p o ly m e r ic  s t r u c ­
t u r e  b r e a k s  down a s  a  r e s u l t  o f  c o o r d in a t io n  o f  th e
p y r i d in e  to  cadmium, i . e . , th e  a r y l  o r  a l k y l  g roup  change 
* * , * * 
from  an u n s a t u r a t e d  c o o r d in a te  b o n d in g 'i n to  a  s a t u r a t e d
c o o r d in a t io n .
•NMe
N o lte s  e t  a l .  h a v e  p ro p o s e d  a  c o o rd in a te d  p o ly m e r ic  s t r u c t u r e
120  *f o r  2 (d im e th y la m in o )p h e n y lc o p p e r , ther-J&- p r o p o s a l  b a s e d
on th e  d a ta  . f o r  i n s o l u b le  and. p re su m a b ly  p o ly m e r ic  dime th y  1 -
amino s u b s t i t u t e d  p h e n y lc o p p e r .
■•jit .
£
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R e c e n tly ,  th e  x - r a y  s t r u c t u r a l  d e te r m in a t io n  o f  th e  a r y l -
130  1 31  •. - ^c o p p e r  compound ’ shows’ t h a t  e a c h  p h e y n l g ro u p  b r i d g e s " '  ;..-'
two c o p p e r  atom s b y  tw o - e le c t r o n  t h r e e - c e n t r e  b o n d s .
The r e a c t i o n  o f  2 - [ (d im e th y la m in o ) m e th y l] p h e n y l l i th iu n i  
w i th  a n h y d ro u s C d C ^  i n  d i e t h y l e t h e r  a t  room te m p e ra tu re  
r e s u l t e d  i n  th e  fo rm a t io n  o f  an c h lo r o f o r m 's o lu b le  w h ite  
p ro  d u c t  b i s  ^2 - £ (N , N -d im eth y lam in o ) me th y  l j  p h e n y l^  cadm ium , 
w h ich  was i s l l a t e d  i n  q u a n t i t a t i v e  y i e l d s  E le m e n ta l  a n a l y s i s  
(T a b le  5 .1 )  o f  th e  s o l i d  i s o l a t e d  from  a  s e r i e s  o f  p r e p a r a ­
t i o n s  c o n firm e d  th e  c o m p o s it io n  CdC^gH^^N^- F o u r * c o o rd in a te
I^C d  i s  l e s s  s t a b l e  th a n  th e  c o r re s p o n d in g
132 133 122o r g a n o s i l v e r , co p p e r and  g o ld  com pounds..
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N.M .R. S tu d ie s
The ^  NMR sp e c tru m  o f  b i s  ^2— (N ,N -d im k th y lam in o - 
m e th y l)  p h e n y lj  cadm ium , ta k e n  a t  a m b ie n t te m p e ra tu re  in '
■ so lv e n t CDClo u s in g  TMS i n t e r n a l  s t a n d a r d ,  shows d ie  .3 - • &.. ♦. • •«*«
e x p e c te d  re s o n a n c e  p a t t e r n  (T a b le  5 .-3). The sp e c tru m  o f  
p u re  N, N- dime th y  lb e n z y  lam in e  c o n s i s t e d  o f  t h r e e  s h a rp  
s i n g l e t s  a t  S 2 .2 2  (NMe2) , S 3 .3 9  (CH2 -N) and a t  S 7 .2 7  due 
to  a ro m a tic  p r o to n s .  C o m le x a tio n  w i th  cadmium r e s u l t s  i n  
a  s u b s t a n t i a l  u p f i e l d ' s h i f t  f o r  (NMe2 ) p ro to n , a t  S 1 .2 ,  a" 
do w n filed - s h i f t  -fo r (-CE^N) a t  S 3 .4 5 ,  an d  a  m u l t i p l e t  , 
b e tw e e n  S 7 .0 - 8 .0  d u ^ t o  a ro m a tic  p r o t o n s .  . The c h e m ic a l 
s h i f t  i s  i n  a  s i m i l a r  ra n g e  to  t h a t  o f  th e  a n a lo g o u s  o rgano - 
s i l v e r ,  c o p p e r  and  g o ld  com pounds.
V i b r a t i o n a l  A n a ly s is  f o r  LCdBr, LCdPh, LCdMe and  L^Cd
Th/I IR  s p e c t r a  o f  th e s e  compounds a r e  a lm o s t
i d e n t i c a l ,  w h ic h  r e v e a l e d  t h a t  e x c l u s i v e l y  2 - m e t a l l a t e d
" 128"b e n z y la m in e  was p r e s e n t ,  ( 1 , 2  s u b s t i t u t i o n  p a t t e r n  o f
th e  a x m o a tic  r i n g  i n  th e  830-675 cm ^ r e g i o n ) .
The c h a r a c t e r i s t i c  a b s o r p t io n  b e tw ee n  820-840 cm ^ i s "
' 129d ia g n o s t ic ,  f o r  Aryl-CH.2 ~NMe2 g ro u p , a n d  th e  b a n d  a t  
2830 cm ^ (C-H symm s t r e t c h ) - i s  t y p i c a l  fo .r th e  CH., g roup  
i n  a l i p h a t i c  NMe2 . ~
Mass s p e c t r a l  s t u d i e s  on LCdPh
The E l  m ass sp e c tru m  o f  LCdPh was r e c o rd e d  a t  190°C 
■probe te m p e ra tu re  (T a b le  5 . 4 ) .  The m ain  f e a t u r e  o f  t h i s
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s p e c tru m  i s  t h e  weak m o le c u la r  i o n  p e a k  M a t  323 m /e f o r
N Cd,and a  b a s e  p e a k  due to  th e  s u b s t i t u t e d  n i t r o g e n  . 
d o n o r  l i g a n d  (C^H^N) ' a t  m /e  58. ( r e l a t i v e  i n t e n s i t y  o f  1 00%)- 
o t h e r  common fra g m e n ts  o f  h ig h  r e l a t i v e  : abundance  l i k e .
CgH^, C5H5 > G7H7 > C9H-£2 N>*C9H;l3N 311(1 CyH^NCd, s u g g e s ts  and  
's u p p o r ts  th e  f o r m u la t io n  o f  LCdPh:
5 . 8  C o n c lu s io n s
-.A lth o u g h  th e  e le c t r o c h e m ic a l  (LCdBr) and  c o n v e n t io n a l  
c h e m ic a l (LCdMe, LCdPh, L^Cd) m ethods o f  s y n th e s i s  a re  
p ro v e d  to  b e  v e ry  s u c c e s s f u l ,  l i t t l e  i s  known a b o u t th e  
' s t r u c t u r e  o f  th e s e  com pounds.
F u r th e r  i n v e s t i g a t i o n  b y  x - r a y  d i f f r a c t i o n ,  t o g e th e r
1 13 "w i th  H and ' C s p e c t r o s c o p y  w i l l  p ro v id e  s u f f i c i e n t  d a ta
to  d ra w -c o n c lu s io n s  on th e  c o n f i g u r a t i o n  o f  th e  s u b s t i t u t e d -
a r y l  g ro u p (s )  a ro u n d  th e  cadmium m e ta l .
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CHAPTER VI 
THE DIRECT ELECTROCHEMICAL SYNTHESIS OF
NStrtRAL 'And a n io n ic  organozinc h a l id £ 5 ~
6 , 1 . I n t r o d u e t i o n
H i s t o r y :  th e  e le m e n t z in c , ,  th e ..s e c o n d  member o f  g roup
l i b  o f  th e  p e r i o d i c  t a b l e  (A t Wt 6 5 .3 8 ,  5  * 30) i s  a  
b l u i s h - w h i t e  l u s t r o u s  m e ta l ,  b r i t t l e  a t  o r d in a r y  te m p e r a tu re ,  
b u t  m a l l e a b le  a t  100° t o  150°C  an d  a  f a i r l y  good c o n d u c to r  
o f  e l e c t r i c i t y .
M e t a l l i c  z in c  was p ro d u c e d  in  th e  1 3 th  c e n tu r y  A .D . i n  . 
I n d i a  b y  r e d u c in g  c a la m in e  .w ith  o r g a n ic  s u b s t a n c e s , an<£.the 
m e ta l  was l a t e r  r e d i s c o v e r e d  i n  E urope  b y  M a rg g ro f i n  1746 ,
who* show ed t h a t  th e  m e ta l  c o u ld  b e  o b ta in e d  b y  r e d u c in g
134 'c a la m in e  w i t h  c h a r c o a l .  The p r i n c i p a l  o re s  o f  z in c  a r e
' s p h a l i r i t e o r  b le n d e  C su p lh id e )  , S m ith s o n i te  ( c a rb o n a te )  , 
c a la m in e  ( s i l i c a t e ) ,  and  . f r a n k l i n i t e  '* £ z in c , m an g an ese , i r o n  
o x id e )  .
Z in c  can  b e  o b ta in e d  b y  r o a s t in g -  i t s  o r e s  to  form  th e  
o x id e  o r  by  r e d u c in g  th e  o x id e  w i th  c o a l  o r  c a rb o n , w i th  
s u b s e q u e n t . d i s t i l l a t i o n  o f  m e ta l .
"T *\f
I n  t h e  e l e c t r o l y t i c  p r o c e s s , t h e  r o a s t e d  'c o n c e n tr a te  
o f  c ru d e  z in c  o x id e  i s  d i s s o lv e d  i n  d i l u t e  s u l p h u r i c  a c id ,  
and  th e  s o l u t i o n  th e n  e l e c t r o l y s e d  i n  b an k s  o f  c e l l s  w i th  
c a th o d e s  o f  a lum in ium  and  anodes o f  l e a d  a l l o y e d  w ith  a  
l i t t l e  s i l v e r .  Oxygen i s  l i b e r a t e d  a t  th e  l a t t e r  and  th e  
.z in c  o f  a t  l e a s t  99.95%  p u r i t y  d e p o s i t s  on  th e  c a th o d e . 
F u r th e r  p u r i f i c a t i o n  can  b e  e f f e c t e d  b y  r e - e l e c t r o l y s i s  and
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t h e  m e ta l  i s  c o m m e rc ia lly  a v a i l a b l e . i n  a t  l e a s t  99.999%  
p u r i t y .
’ L ik e  t h e  o t h e r  members o f  g ro u p  I I B ,  z in c  fo rm s many
V
compounds ' i n  th e  +2 o x id a t io n  s t a t e . T h is  c h a p te r  w i l l
d e a l  m a in ly  w i t h  th e  o r g a n o m e ta l l i c  c h e m is try  o f  z in c  i n
i t s  o x id a t io n  s t a t e  o f  + 2 . As n o te d  i n  C h a p te r  I I I ,  th e
o r g a n ic  compounds o f  g roup  I IB  e le m e n ts , shows a  m o s t s t r i k i n g
g r a d a t io n  o f  p r o p e r t i e s  a n d  c h e m ic a l  r e a c t i v i t y ,  ru n n in g
p a r a l l e l  t o  t h e  e l e c t r o n e g a t i v i t y  o f  th e  e le m e n ts .
The o r g a n ic  d e r i v a t i v e s  o f  z in c ,  cadmium an d  m e rc u ry
■are c o v a le n t  compounds o f  e i t h e r  l i n e a r ,  p l a n a r  o r  t e t r a h e d -
'79■ r a l  s t r u c t u r e s .  T hese e le m e n ts  do n o t  h a v e  s u f f i c i e n t  
te n d e n c y  to  i n c r e a s e  t h e i r  c o v a le n c y  above th e  g ro u p  v a le n c y  
-'..o f tw o , t o  g iv e  r i s e  to  many compounds w i th  e l e c t r o n  
d e f i c i e n t ,  s t r u c tu r e s . -  The d e c r e a s e  o f  r e a c t i v i t y  w i th  
i n c r e a s i n g  e l e c t r o n e g a t i v i t y  i n  th e  se q u en c e  z inc> cadm ium ^ 
m ercu ry  i s  i l l u s t r a t e d  by  th e  b e h a v io u r  o f  th e  lo w e r  a lk y l s  
to w a rd s  w a te r ;  th e  d i a l k y l s  ojf z in c  a r e  h y d r o ly s e d  w i th  
e x p lo s iv e  v i o l e n c e ,  th o s e  o f  cadmium s lo w ly  an d  th o s e  o f  
m ercury , n o t  a t  a l l .
4
6 .2  S y n th e s is  o f  o rg a n o z in c  compounds 
L i t e r a t u r e  s u rv e y  '
O rg a n o z in c  compounds a r e  h i s t o r i c a l l y  im p o r t a n t ,  s in c e
th e y  w ere  t h e  f i r s t  o r g a n o m e ta l l i c  compounds . t o  b e  p r e p a r e d
79by  F ra n k la n d  i n  1849 . M o reo v er, e th y l z i n c  io d id e  and
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d i e t h y l z i n c  w ere  among th e  e a r l i e s t  o r g a n o m e ta l l i e s ' to  b e  
s t u d i e d ,  ( Z e i s e ’ s  s a l t  was d e s c r ib e d  i n  1827 a n d  C acody l
v - \ • •
i n  1842) and  w ere  c e r t a i n l y  th e  f i r s t  to  a c h ie v e  im p o r ta n c e
a s  c h e m ic a l r e a g e n t s .  Due t o  t h e i r  low  r e a c t i v i t y  to w a rd s
/•c e r ta in  o r g a n ic  f u n c t i o n a l  g r o u p s , o rg a n o z in c  compounds h av e
' u n iq u e  s y n t h e t i c  p o t e n t i a l i t i e s .
a . P r e p a r a t i o n  o f  o rg an o z in c- compounds
135The d i a l k y l ‘o f  z in c  may b e  p r e p a r e d  by  th e  th e rm a l  
d i s p r o p o r t i o n a t i o n . o f  a lk y l z i n c  c h lo r i d e  ( t h i s  was F r a n k la n d 's
' K ■
o r i g i n a l  m ethod) . The a l k y l z i n c  c h lo r i d e s  th e m se lv e s  a r e  
o b ta in e d  by  d i r e c t  r e a c t i o n  b e tw ee n  a l k y l  io d id e  and  z in c  
o r  z in c /c o p p e r  c o u p le .
Z n/C u +  R B r/R I  --------------- RZnX 110a t  > ZnB^ +  ZnX2>
(R -  Me, E t ,  n - P r ,  n-B u)
Im provem ents on  th e  o r i g i n a l  m ethod  l ia v e  m a in ly  b e e n  C a r r ie d
o u t  by  th e  u s e  o f  im proved  Z n /C u .c o u p le  ( z i ^ c  d u s t  a n d  d ry  
I Ic o p p e r  c i t r a t e ) , an d  th e  u s e  o f  h ig h  b o i l i n g  e th e r s  as
, ■ 136s o l v e n t s .
137^ — ^-Abraham and  R o l f f  h av e  r e p o r t e d  t h a t  n e i t h e r  e t h y l  
b rom ide  n o r  e t h y l  c h lo r id e  r e a c t  w i th  Zn/C u and  h e n c e  s t u d i e s  
i n  th e s e  c a s e s  a r e  l i m i t e d  to  t h e  a c t i o n  o f  z in c  b ro m id e  o r
z in c  c h lo r i d e  on d i e t h y l z i n c .
138 139Some w o rk e rs  ’ • h av e  r e p o r t e d  t h a t  m e th y l b ro m id e  
r e a c t s  w i th  z in c  d u s t  i n  s p e c i f i c  s o lv e n t s  l i k e  N ;N -d im eth y 1 -  
fo rm am ide, t e t r a h y d r o f u r a n ,  d im e th y ls u lp h o x id e  o r  glym e to  
form  m e th y lz in c  b ro m id e .
   -
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Z n (d u s t)  +  MeBr -------------- MeZnBr.
The a l k y l s  may a l s o  b e 'p r e p a r e d ,  and  th e  d i a r y  I s  a r e  m ost
c o n v e n ie n t ly  o b ta in e d  b y  th e  r e a c t i o n  o f  z in c  m e ta l  w i th  an
140oxganom ercu ry  compound i n  b o i l i n g  x y le n e  s o l u t i o n .
I^H g +  Zn — :----- ^ 2 n  +  Hg.
CR Me, i -B u , pCgH^F) .
o r  b y  t h e  r e a c t i o n  o f  a n h y d ro u s  z in c  c h lo r id e  Car b ro m id e )
141'w i t h  an  o rg a n o l i th iu m ' r e a g e n t  i n  e t h e r .
Z n ^  +  2RLi ----------- > R2Zn +  2LiX
R -  P h , C6 P5 .
S o lu t io n s  o f  d ia lk y  I s ,  d i a r y l s  o r  o rg a n o z in c  h a l i d e s  may b e
o b ta in e d  by  th e  a d d i t i o n  o f  a n h y d ro u s  z in c  c h lo r id e  i n
142e t h e r  t o  a  G r ig n a rd  r e a g e n t .
ZnC l2 +  RMgX e- - e-^ R Z n C l +  MgXCl.
CR = E t , V in y l , t - b u )  .
Z in c a lk y ls  w ere  p r e p a r e d  on l a r g e  s c a l e  b y  th e  r e a c t i o n
b e tw e e n  tr im e th y la lu m in u m .a n d  an h y d ro u s  z in c  c h lo r i d e ,  w i th
a  m in e r a l  o i l  . f r e e  from  oxygen o r  s u lp h u r  compounds b e in g
143u s e d  to  m o d e ra te  th e  r e a c t i o n .
r
3Me3A l +  Z nC l2 -------   > 2Me2A lC l +  Me2 Z n.
144H e p ta f lu o r o p ro p y lz in c  i o d id e  h a s  b e e n  p r e p a r e d  by  th e
r e a c t i o n  b e tw ee n  z in c  d u s t  and. h e p ta f lu o r o p r o p y l  io d id e  i n
e t h e r ,* 't e t r a h y d r o p y r a n , dioxane*, o r  1 , 2 -d im e th o x y e th a n e .
C3 F7I  +  Zn ----------- * C3F7ZnI +  C3F6 + C6 F1 4  +  C3F?H.
J ./  L o r b e r th  h a s  r e p o r t e d  th e  f o rm a t io n  o f  b i s c y c lo p e n ta d ie n y l
z in c  by  r e a c t i o n  o f  b i s C l , l » l , 3 , 3 , 3 , - h e x a m e th y ld is i l a z a n e )
145w i th  c y c lo p e n ta d ie n e  in  e t h e r  a t  room  te m p e r a tu r e .
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ZnlNCSi-Me3 ) 2J 2  +  2CpH r a g ^ 3 . Cp2Zn +  2HHCS1Mb3) 2
*
Murdoch, and  KlaBun.de h a v e  p r e p a r e d  a  h i g h ly  r e a c t i v e
z in c  s l u r r y  b y  c o c o n d e n s a t io n  o f  th e  m e ta l  v a p o u r-  a n d  e x c e s s
o '  ' 146
s o l v e n t  a t  77 si, f o l lo w e d  b y  "warming t o  a m b ien t te m p e r a tu re .
T h is  s l u r r y  was r e a c t e d  w i th  a l k y l  h a l i d e s  i n  a l l  ty p e s  o f
b o th  p o l a r  a n d  n o n p o la r  s o l v e n t s ,  and  th e  a p p r o p r i a t e  d i -
a l k y l z i n c  compound was I s o l a t e d .  D iglym e an d  d io x a n e  a p p e a re d
to  b e  t h e  b e s t  s o l v e n t s ,  b u t  to lu e n e  and  h e x an e  w e re  a l s o
u s e d . ’
C r y s t a l l i n e  d i p e n t a d i e n y lz in c - t e t r a h y d r o f u r a n a t e  has_ 
b e e n  p re p  a r e  d ^ ^  by  th e  r e a c t i o n  o f  p e n ta d ie n y lp o ta s -s iu m  w ith
z in c  c h lo r i d e  i n  THF a t  low  te m p e r a tu r e .
- 20 °  1 ’2KCcH, +  ZnCl0  —---- > ZnCC.HO-THF +  2KC1.
5 7 THF 5 7 2
D ipen t a d i e n y l z i n c - t e t r a h y d r o f u r a n a t e  i s  th e r m a l ly  u n s t a b l e  
a n d  decom poses a t  10°C i n t o  m e t a l l i c  z in :c and  a  m ix tu r e  o f  
o l e f i n s .  _
1485 is .C d ip h e n y lm e th y lC z in c .h a s  b e e n  p r e p a r e d  b y  r e a c ­
t i n g  d ip h en y lm e th y  I s  odium  a s  i t s  d io x a n a te  w i th  z in c  c h lo r id e  
i n  THF. The com plex  so  fo rm ed  i s  th e r m a l ly  u n s t a b le  and  
decom poses w i t h in  a  few  h o u rs  a t  room  te m p e ra tu re  i n t o  
m e t a l l i c  z in c  and  t e t r a p h e n y l e t h a n e .
Fh2 CHNa.C4Hg0 2 +  Z nC l2  . 7117 > ;lF h 2CE]22n.THF +  N aC l.
6 .3  C o - o r d in a t io n  com plexes w i th  l ig a n d s  n o t . c o n ta in in g
a c i d i c  h y d ro g en  -
■*
The' d i a l k y l z i n c  compounds fo rm  r e l a t i v e l y  u n s t a b le  
com plexes w i th  s im p le  e t h e r s ; f o r  exam ple th e  d im e th y l e t h e r  .
• - com plex  Me’2 ZnOMe2 h a s  a  b o i l i n g  p o i n t  ^ 4 7 ° )  s i m i l a r  to  t h a t  -
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o f  dime th y  I z  i n  c  (4 4 ° )  . C y c lic  e th e r 's  and  c h e l a t i n g  d i e t h e r s  
fo rm  r a t h e r  m ore  s t a b l e  com plexes ( c f .  r e f .  79) i The 
b i s t e t r a h y d r o f u r a n  com plex  was p r e p a r e d  c o n v e n ie n t ly  by 
b o i l i n g  z in c  t u r n in g s  ( .c o n ta in in g  10% c o p p e r)  w i th  m e th y l 
i o d id e  i n  t e t r a h y d r o f u r a n .  U n lik e  dim e th y  l z i n c  i t :  does 
n o t  c a tc h  f i r e  i n  t h e  a i r  - and. h a s - a  b o i l i n g  p o in t ,  o f  8 3 ° . ^
A d d it io i i  o f  TMED to  a  f r e s h l y  p r e p a r e d  m ix tu re  o f  Z nE t2
/  ( ' 
and  Z a ^  in^THF gave t h e  a d d u c t  Zn^TMED, b u t  a d d i t i o n  to
th e  same s o l u t i o n  a f t e r  a  w eek a t  room  te m p e ra tu re  gave
137f o u r  c o o r d in a te  EtZnI.TM ED. T h is  r e s u l t  i s  a l s o  i n  a g r e e ­
m ent w i th  th o s e  o f  o t h e r  w o r k e r s ; ,1 5 0 ,1 5 1  ^  ^ ^ e n t i c a i
m a t e r i a l  was a l s o  p r e p a r e d  u s in g  an  e t h e r e a l  s o l u t i o n  o f  
E tZ n I an d  TMED. ' (Me^SiCE^) qZtx., f p ro d u c e d  e i t h e r  by  a  G r ig n a rd
r e a c t i o n  o r  from  MegSiCI^X a n d  Z n-C u, fo rm s a d d u c ts  w i th
152TMED, q u in ,  p y , b ip y  an d  p h e n .
The m ost i n t e r e s t i n g  f o u r - c o o r d in a t e  com plexes fo rm ed  
b y  o rg a n o z in c  compounds a r e  t h o s e  c o n ta in in g  2 , 2 ’ - b i p y r i d i n e  
a s  a  b i d e n t a t e  l i g a n d .  Many o f  t h e s e  com plexes h a v e  b r i g h t  
c o lo u r s  ( c f . r e f .  79) w h ic h  a r e  a s c r i b e d  to  c h a rg e  t r a n s f e r  
t r a n s i t i o n s .
6 .4  Some c h e m ic a l  p r o p e r t i e s  o f  o rg a n o z in c  compounds
O rg a n o z in c  compounds a r e  v e ry  s e n s i t i v e  to  m o is tu r e ,  
th e  m ore v o l a t i l e  o f  them  b e in g  s p o n ta n e o u s ly  in f la m m a b le , 
w h i le  o th e r s  fume s t r o n g l y  i n  a i r . .
Compounds w i th  r e a c t i v e  C-H, Sn-H , 0-H , S-H, N-H, P-H 
e t c .  bonds r e a c t  r e a d i l y  w i th  Z n l^  a c c o rd in g  to  th e  schem e
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b e lo w , g iv in g  RR.
PhC = CH
/
-*• PhC=CZnR
Phg'SnH ^  (Ph^Sn) 22xi
HAcac
K1QH..
RZnCacac) 
^  RZnOR'.
R 'SK
r : 2nh
^  R Z nSR '.
—» RZnNR'2 ; Zn(NR ' 2 ) 2
r «2ph
------------> RZnPR'2 ; Zn(PR*2) 2 -
6 .5  A p p l i c a t io n  i n  O rg a n ic  S y n th e s is
• The c h e m ic a l r e a c t i o n s  -of o rg a n o z in c  compounds a re  
g e n e r a l l y  s i m i l a r  to  t h o s e : 'o f  m agnesium  a lk y ls -  and  G r ig n a rd  
r e a g e n t s ,  t h e  e s s e n t i a l  d i f f e r e n c e  b e in g  i n  t h e  ■ c o n s id e r a b ly  
lo w e r  r e a c t i v i t y  o f  th e  fo rm e r .  The r e l a t i v e  low  r a t e  o f  
r e a c t i o n  w i th  c y a n id e s ,  i s o c y a n a te s ,  e s t e r s  an d  k e to n e s  
a l lo w  t h e s e  g ro u p s t o  re m a in  u n a f f e c t e d  i n  'r e a c t i o n  in v o lv in g  
some o th e r s  an d  more, a c t i v e  f u n c t i o n a l  g roup  su c h  a s  -C0C1. 
Combine a c id  c h lo r id e s  r a p i d l y  w i th  o rg a n o z in c  com pounds, 
a  r e a c t i o n  w h ich  h a s  b e e n  a p p l i e d  to  th e  s y n t h e s i s  o f  k e t o n e s . 79
R0C1 +  R l^?n  Cor R’ ZnCl) -
a .  The R e fo rm a tsk y  r e a c t i o n
0
I!
RCR’ .
The R e fo rm a ts k y  r e a g e n t s  w h ic h  c o n t in u e s  to  f i n d  num erous 
a p p l i c a t i o n s  i n  s y n t h e t i c  o r g a n ic  e h c m is tr y ,  i s  fo rm ed  from  
OC h a l o e s t e r  and  z in c .  T h is  in te r m e d ia te  h a s  b een , u se d  in  
t h e  R e fo rm a tsk y  s y n t h e s i s  by  r e a c t i o n  w i th  a ld e h y d e  o r  a
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k e to n e . 153 &
0
ClCH^COOEt -KZn -me'W 1.a l> ClZnCH^COEt
0
II
Cl) RCMe
“OH 0
I .  - I I .
R-C-CH„-C-OEt.
C2) H20
CH.
S i m i l a r l y ,  ^ - h y d r o x y e s te r  can  b e  p r e p a r e d  by  m eans o f  th e  
R e fo rm a tsk y  r e a c t i o n .
0 0  - 
II
RCH +  BrCH2COEt +  Zn
OH . 0
1 ' II
RCH -O ^-CO Et.'
Upon d e h y d ra t io n  C o ften  j u s t  b y  h e a t in g )  ^ - h y d ro x y e s te r s
■r
r e v e r t  to  th e  < £ ,^  u n s a t u r a t e d  a c i d s .
OH R
I I
C-C-OI
I I K
R-CH- - - Et
I II*
H O
h e a t
-VL^S~ R-CH—CH-C-OEt T
II
O
A m o d i f i c a t io n  o f  th e  R e fo rm a tsk y  r e a c t i o n ,  in v o lv in g  th e
u s e  o f  .* z in c -co p p e r i n s t e a d  o f  z in c  pow der a lo n e ,  was u se d
to  p r e p a r e  k a v a in  and  d ih y d ro k a v a in  i n  much h i g h e r  y i e l d s
154th a n  r e p o r t e d  e a r l i e r  
OMe
B r CH2 C=CH COOE t RCHO
Z n/C u, CgHg
OMe
K av in ; R = PhCH=CH- 
D ih y d ro k a v in ; R = PhCH2 -CR2-
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A s e r i e s  o f  tw e lv e  O C -k e to n o su lp h id e s  w as p r e p a r e d  by
r e a c t i n g  RCOCR, R"ZnBr w i th  R"*SC1.
RCOCR* R” B r +  R "’ SCI — : — ------- > RCOCR’ R"SR'
b .  StTnrnons-Sm ith r e a c t i o n
/  156
Io  dome th y  l z i a c  io d id e  i s  o b t a in e d  i n  e t h e r  s o l u t i o n ,  
b y  th e  r e a c t i o n  b e tw een  m e th y le n e  io d id e  an d  z in c /c o p p e r ,  an d  
r e l a t i v e l y  r e c e n t l y  i t  was fo u n d  t h a t  when th e  r e a c t i o n  was
c a r r i e d  o u t  i n  th e  p r e s e n c e  o f  o l e f i n s ,  c y c lo p ro p a n e s  a r e
157 ' "o b ta in e d  in  good  y i e l d .  T h is  r e a c t i o n  h a s  b e e n  n a m e d 'th e
S im m ons-Sm ith  r e a c t i o n .
.-•V
H.2
+ Cu
Vc"
CH2 I 2 +  Zn/C u £ t h e r .  ICH2Z nI >
, A m ix tu r e  o f  c y c lo p r o p y le th e r  and  a l l y l i c  e t h e r  was fo rm ed
when 1 -m e th o x y -an d  1 -e th o x y c y c lo h e x e n e  w ere  r e a c t e d  w i th
158z in c - c o p p e r  c o u p le  and  m e th y le n e  i o d i d e .
OR
+  Zn/C u *f C H ^  -------->
CR “  OMe, OEt) .
c .  As a  c a t a l y s t  i n  p o ly m e r iz a t io n
As i n c r e a s i n g l y  im p o r ta n t  i n d u s t r i a l  a p p l i c a t i o n  o f
o rg a n o z in c  compounds i s  i n  th e  p r o d u c t io n  o f  p o ly m e r iz a t io n  
159c a t a l y s t s . Thus E t 2Zn com plexes w i th  v a r io u s  Lew is b a s e s  
c a t a l y s e  th e  fo rm a t io n  o f  p o ly a lk a n e o x id e  from  e p o x id e s , 
and  th e  p r o d u c ts  from  th e  r e a c t i o n  o f  Z nE t2 w i th  T lC l^
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p ro m o te  th e  p o ly m e r iz a t io n  o f  v in y lm o n o m ers , p ro p e n e , b u t a d i e n e ,  
and  i s o p r e n e .  A n io n ic  com plexes su c h  a s  CaZnEt^ a r e  u s e f u l  
i n  t h e ' p r e p a r a t i o n  o f  p o l y a c r y l a t e ,  p o ly s ty r e n e  and  p o ly -  
a c r y l i o n i t r i l e .
6 . 6  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  n e u t r a l  an d  a n io n ic
o rg a n o z in e  h a l i d e s
The r e a c t i o n  o f  m e t a l l i c  z in c  o r  z in c /c o p p e r  w i th  a l k y l  
i o d id e  t o  y i e l d  a lk y l z i n c  io d id e  i s  one o f  th e  s im p le s t ' 
c l a s s i c a l  r o u t e s  t o  an  o r g a n o m e ta l l i c  compound.
r~
A c c o rd in g  t o ' t h e  l i t e r a t u r e  n e i t h e r  e t h y l  b ro m id e , 
e t h y l  c h lo r i d e  n o r  any p h e n y l  h a l i d e s  r e a c t s  w i th  Zn/C u c o u p le
137to  fo rm  th e  c o r r e s p o n d in g  o rg a n o z in c  h a l i d e  i n s e r t i o n  p r o d u c t ,  
and  th e  u s u a l  m ethod  in v o lv e s  th e  r e a c t i o n  o f  an h y d ro u s  
z in c  h a l i d e  w i th  th e  a p p r o p r i a t e  G r ig n a rd  r e a g e n t .
F o llo w in g  th e  w ork  o n  th e  d i r e c t  s y n t h e s i s  o f  n e u f t r a l  
and  a n io n ic  organocadm ium  h a l i d e s  d e s c r ib e d  i n  C h a p te rs
I I I  and  IV  o f  t h i s  d i s s e r t a t i o n ,  t h i s  p a r .t  o f  th e  d i s s e r t a -  
t i o n  d e a l s  w i th  th e  e le c t r o c h e m ic a l  o x id a t io n  o f  z in c  m e ta l  
i n  th e  p r e s e n c e  o f  a l k y l  o r  a r y l  h a l i d e s  t o  g iv e  th e  c o r r e s ­
p o n d in g  RZnX compounds, w h ich  a r e  c o n v e n ie n t ly  p r e p a r e d  an d  
s t a b i l i s e d  as th e  a d d i t i o n  compounds w i th  2 , 2 ’ - b i p y r id i n e  
C bipy) . • A l t e r n a t i v e l y ,  o x i d a t i o n  i n  th e  p r e s e n c e  o f  EX and  
R^NX g iv e s  th e  s a l t s  R '^ N tR Z n ^ .] , w h ich  a r e  t h e  f i r s t  •- 
exam p les o f  d ih a lo g e n o - o r g a n o z in c a te ( I I )  a n io n s .
.
-S’ ^
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E x p e r im e n ta l  '
6 .7  G e n e ra l
The e le c t r o c h e m ic a l  s y n t h e s i s  was c a r r i e d  o u t  i n  a  
two a r m e d .c e l l  C Fig. 2 . 2 ) an d  th e  d e t a i l e d  d e s c r i p t i o n  o f  
t h e  c e l l  h a s  b e e n  a l r e a d y  g iv e n  i n  C h a p te r  I I .  Z in c  m e ta l  
(m4N5) (A lfa  in o r g a n ic )  was u s e d  in  th e  fo rm  o f  d i s c s ,  
a p p ro x im a te ly  1 x  1  x  0 . 2 cm, o b ta in e d  b y  ham m ering p ie c e s  
o f  z in c  r o d .  T h e 'p u r i f i c a t i o n  o f  s o l v e n t s ,  a l k y l  an d  a r y l -
h a l i d e s  w e re  a s  d e s c r ib e d  i n  C h a p te r  I I .  T e t r a - n - p r o p y l -
>
ammonium h a l i d e s  (E astm an o r g a n ic  c h e m c ia ls )  w ere, u se d
V; *
w ith o u t  any  f u r t h e r  p u r i f i c a t i o n ,  an d  thev' s p e c t r o s c o p ic  
i n v e s t i g a t i o n  o f  p r o d u c t  m a t e r i a l s  f o l lo w e d  te c h n iq u e s  
d e s c r ib e d  i n  th e  p r e v io u s  c h a p te r s  o f  t h i s  d i s s e r t a t i o n .
A l l  e x p e r im e n ts  w ere  c a r r i e d  o u t  i n  an a tm o sp h e re  o f  d ry  
n i t r o g e n .  ’ The a p p l i e d  v o l t a g e  was 10-50*v o l t s ,  a s  d i c t a t e d  
By th e  s o l u t i o n  c o n d L c tio n , g iv e n  t h a t  a  c u r r e n t  o f  20-30mA 
p ro d u c e d  a  r e a s o n a b le  r a t e  o f  r e a c t i o n  a t  room te m p e ra tu re .
The c o m p o s it io n  o f  s o l u t i o n  p h a s e ,  e le c t r o c h e m ic a l  c o n d i t i o n s ,  
t im e  o f  e l e c t r o l y s i s  and  th e  y i e l d s  a r e  g iv e n  i n  T a b le  6 .1  
f o r  n e u t r a l  R ZnX .bipy com pounds, and  i n  T a b le  6 .2  f o r  . th e  
te tra p ro p y la m m o n iu m  s a l t s  o f  [ R Z n ^ ]  a n io n s .
I s o l a t i o n  o f  p ro d u c t
I n  th e  c a se  o f  2 , 2 ' - b i p y r i d i n e  a d d u c ts  o f  RZnX, th e  
s o l u t i o n  r e s u l t i n g  from  th e  e le c t r o c h e m ic a l  o x id a t io n  was 
f i l t e r e d ,  and  p e tro le u m  e t h e r  ad d ed  d ro p w ise  to  th e  f i l t r a t e .
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The y e l lo w  p r e c i p i t a t e  w h ich  fo rm ed  was w ash ed  s e v e r a l  t im e s
w i th  b e n z e n e  t o  rem ove e x c e s s  b ip y  and  th e n  d r i e d  i n  v a c u o .
I n  th e  a n io n i c  c o m p le x e s , a d d i t i o n  o f  d i e t h y l  . e t h e r  t o
th e  f i l t r a t e  p r e c i p i t a t e d  b o th  th e  p r o d u c t  and  e x c e s s
te tra p ro p y la m m o n iu m  b ro m id e  or. i o d i d e ,  b u t  th e  l a t t e r  was
♦
rem oved b y  s u c c e s s iv e  w a sh in g  w i th  d ry  c h lo ro fo rm . I n  th e  
c a s e s  o f  c h l o r i d e s ,  o n ly  th e  p r o d u c t  was p r e c i p i t a t e d  by  
d i e t h y l  e t h e r ,  'a n d  t h i s ,  s o l i d  was w a s h e d .w ith -p e tro le u m  
e t h e r  and  d r i e d .
A n a ly s is
A n a ly s is  f o r  z in c , was by  a to m ic  a b s o r p t io n  s p e c t r o ­
p h o to m e try , and  f o r  h a lo g e n  by  V o lh a rd  t i t r a t i o n ; ,  th e  
r e s u l t s  a r e  g iv e n  . in  T a b le s  6 .3  a n d  6 .4 .
« ■ '
6 . 8  P r e p a r a t i v e  c h e m is try  o f  n e u t r a l  o rg a n o z in c  h a l i d e s
(a )  E le c t r o c h e m ic a l  p r e p a r a t i o n  ’o f  HeZnI .b ip y  - •
E le c t r o c h e m ic a l  i n s e r t i o n . o f  a n o d ic  z in c  ta k e s  p la c e
• ■ • 3
r e a d i l y  i n  m e th y l i o d id e ,  when a  m ix tu re  c o n s i s t i n g  o f  2 .5cm
■7 3M el, 0 . 8 gm 2 , 2* - b i p y r i d i n e , .'15cm a c e t o n i t r i l e  m ix tu re
'
(2 :1  r a t i o )  an d  5 mg o f  Et^NClO^ was e l e c t r o l y z e d  f o r  6 h o u rs
*
On f i l t e r i n g  th e  c e l l  c o n te n ts  t r e a t i n g  th e  f i l t r a t e  w i th  
p e tro le u m  e ith e r ,  a  y e llo w  p r o d u c t  p r e c i p i t a t e d  o u t  and  was 
c o l l e c t e d , ,  w ash ed .-w ith  b e n ze n e , to  rem ove e x c e s s  2 , 2 ’b i p y r i -  
d in e  an d  d r i e d  i n  v a c u o .
(b ) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  E tZ n I .b ip y
E le c t r o c h e m ic a l  o x id a t io n  o f  z in c  m e ta l  o c c u r r e d  i n  a
3 3s o l u t i o n  m ix tu re  c o n s i s t i n g  o f  2 .5cm  e t h y l  i o d id e ,  15cm_J
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o f  a c e t o n i t r i l e / b e n z e n e ,  0 . 8 gm 2 , 2 ' b i p y r i d i n e  and  8mg o f  
E t^N ClO ^. A f t e r  6 h o u rs  o f  e l e c t r o l y s i s ,  u s i n g . a  c u r r e n t  
o f  25mA. and  40 v o l t s ,  th e  p r o d u c t  C pale y e llo w  i n  c o lo u r )  
w as i s o l a t e d ,  a n d  a n a ly s e d  f o r  m e ta l  an d  h a lo g e n .
. #  '  •
Cc) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  E tZ n B r .h ip y \
—  : - ■  . • '  ‘  3~  ‘ •  ^  3
A s o l u t i o n  m ix tu re  c o n s i s t i n g  o f  2 .5 c m - E tB r . 15cm
a c e t o n i t r i l e / b e n z e n e  i n  2 : 1  V / ^  0 . 8gm o f  2 , 2 ’ - b i p y r id i n e
an d  8mg o f  Et^NClO^ was e l e c t r o l y z e d  f o r  & h o u rs  u s i n g  _
a  c u r r e n t  o f  25mA an d  50 vgj^fcs . ' A f t e r  th e  e l e c t r o l y s i s
th e  p a le  y e l lo w  p r o d u c t  was i s o l a t e d ,  d r i e d  and  a n a ly z e d ^
f o r  z in c  an d  h a io g e n .
'(d )  - E le c t r o c h e m ic a l  p r e p a r a t i o n ' o f .  C F ^ Z n l.b ip y  
E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  C F ^Z nl.h 'ipy  was c a r r i e d  
o u t  i n  two arm ed  c e l l  ( F ig .  2 . 2 ) .  The p r e p a r a t i v e  m ethod
3 'f o l lo w e d  th e  m ethod  d e s c r ib e d  i n  C h a p ^ r  I I .  CF^I. CZ'.5cm-)•
was d i s t i l l e d  i n t o  o n e 'o f  th e  arm s o f  t h e . c e l l  c o n ta in in g  a
3
m ix tu re  o f  0 .8gm  2 , V  - b i p y r i d i n e ,  15 cm o f  b e n z e n e /a c e to n i -
£3)le 0 - :2  v /v )  an d  9mg o f  E t^N C lO ^. A f t e r  d e g a s s in g  th e  
s o l u t i o n  .in  v acu o  b y  a  s e r i e s  o f  e v a c u a t io n / f r e e z in g  c y c l e s ,  
th e  d e g a s s e d  s o l u t i o n  was f l u s h e d  w i th  d ry  n i t r o g e n  and  
th e n  d e c a n te d  i n t o  se c o n d  arm  o f  th e  c e l l  w h ich  s / r v e d  as 
th e  e le c t r o c h e m ic a l  c e l l .  A f t e r  th e  e l e c t r o l y s i s  th e  
r e a c t i o n  m ix tu re  was f i l t e r e d  and  p e tro le u m  e t h e r  ad d ed  
s lo w ly  to  i t ;  th e  brow n p r e c i p i t a t e  w h ich  form ed was 
w ash ed  s e v e r a l  t im e s  w i th  b e n z e n e  t o  rem ove e x c e ss  n o n ­
c o o rd in a te d  2 , 2 *- b i p y r i d i n e  J^id th e n  d r i e d  i n  v a c u o .
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D e t a i l s  o f  s o lu t io n !  com positioi^*- e l e c t r i c a l  c o n d i t io n s  a r e  
g iv e n  i n  T a b le '6 . 1 .  ’ ’ X
(e )  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  H C ^C H -Z n-B r.b-ipy
A m ix tu re  c o n s i s t i n g  o f  15 mg E t^N ClO ^, 0 .8gm  2 ,2 * -
3 3 ■b i p y r i d i n e ,  2 .5cm  v i n y l  b ro m id e  an d  15cm o f  a c e t o n i t r i l e /
b e n z e n e  was e l e c t r o  ly z e d  f o r  3 h o u r s , ' u s in g  a  v o l ta g e ,  o f .  
^30 v o l t s  an d  m a in ta in in g  a  c u r r e n t  of'30m A.. The b ro w n ish : 
y e llo w  p r o d u c t  was p r e c i p i t a t e d  a f t e r  th e  a d d i t i o n  o f  p e t  
e t h e r ,  w ashed  w i th  b en zen e  an d  d r i e d  i n  v a c u o .
Cf) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  P h Z n C l.b ip y . .
3A m ix tu re  c o n s i s t i n g  o f  15cm o f ^ b e n z e n e / a c e t o n i t r i l e*
3i n  1 :2  r a t i o ,  0 .8 g  2 ,2 - b i p y r i d i n e ,  3 .0cm  o f  c h lo ro b e n z e n e
an d  lOmg o f  Et^NClO^ was e l e c t r o l y z e d  u s in g  a  c u r r e n t  o f
^  25mA f o r  6 h o u r s .  A f t e r  th e  e l e c t r o l y s i s  th e  r e a c t io n -
m ix tu r e  was f i l t e r e d  and  p e tro le u m  e t h e r  ad d ed  d ro p w ise .
The g r e e n i s h  y e llo w  p r e c i p i t a t e  w h ic h  fo rm ed  was w ashed  ■
. 9
s e v e r a l  t im e s  w i th  b e n z e n e  to  rem ove f r e e  2 , 2 r - b ^ p y r id in e  
a n d rn ^ 'ie d  i n  v a c u o .
S g )  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  PhZ nX .bipy
(w here  X -  B r, I )  "
E le c t r o c h e m ic a l  o x id a t io n  o f  a n o d ic  z in c  i n  th e  s o l u ­
t i o n  m ix tu re  c o n s i s t i n g  o f  b ro m o b e n z e n e -o r  io d o b en z en e
3 3C3.0cm ) 0 . 8g o f  2 , 2 ' - b i p y r i d i n e , 15cm o f  a c e t o n i t r i l e /
b e n z e n e  i n  a  r a t i o  o f  2 :1  and 15mg o f  Et^NClO^ was c a r r i e d
o u t  f o r  6 h o u r s .  After.-_.the e l e c t r o l y s i s  t h e  r e a c t i o n
m ix tu re  was f i l t e r e d  and  t r e a t e d  w i th  p e tro le u m  e t h e r .
    - -
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I n  b o th  c a s e s  th e  y e l lo w  p r o d u c t  was w ah sed  s e v e r a l  t im e s  
w i th  b e n z e n e  to  rem ove e x c e s s  2 , 2 ’ - b i p y r i d i n e  and  th e n  
d r i e d  i n  v a c u o . " D e ta i ls  o f  s o l u t i o n  c o m p o s i t io n ,  e l e c t r i c a l  
c o n d i t io n  e t c .  a r e  g iv e n  i n  T a b le  6 .1  a n d  a n a l y t i c a l  
i n .T a b le  6 .3 .  '
# .
~Ch) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  C gF ^Z nB r.b ipy
3. .A  s o l u t i o n  m ix tu re  c o n s i s t i n g  o f  3 .0cm  o f  p e h ta f lu o r o -
• ■ ' 3
b ro m o b en z en e , 15cm b e n z e n e / a c e t o n i t r i l e  i n  1 :1  r a t i o  by 
v o lu m e, 0 .8  g 2 , 2 ’ - b i p y r i d i n e  and  lOmg o f  Et^NClO^ was 
e l e c t r o l y z e d  u n d e r  c o n d i t io n s  s t a t e d  i n  T a b le  6 .1 .  The 
i s o l a t i o n  an d  s u b s e q u e n t t r e a tm e n t  o f  p r o d u c t  w ere  a s  f o r  
F h Z n I .b ip y .
Ci)' E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  PfcQL, Z nX .b ipy  
" Cwhe^e X = C l ,  Br)
Z in c  m e ta l  Can ode) was e l e c t r o  ly z e d  i n  a  - s o lu t io n
5* 3 3
c o n s i s t in g ,  o f  2 .bcm b e n z y l  b ro m id e  o r  b e n z y l  c h l o r i d e ,  16cm 
a c e t o n i t r i l e / b e n z e n e  CV:1  v / v l ,  0 . 8g 2 , 2 ’- b i p y r i d i n e  and  
15mg Et^NClO^ u n d e r  th e  s t a t e d  c o n d i t io n s  CTable 6 . 1 ) .  A f t e r  
th e  e l e c t r o l y s i s  th e  r e a c t i o n  m ix tu re  was t r e a t e d  as 
d e s c r ib e d  ab o v e . The p r o d u c ts  w ere  d r i e d  i n  vacuo  an d  a n a ly z e d  
f o r  z in c ,  and  h a lo g e n  CTable 6 .3 )  . The i d e n t i f i e d  p ro d u c ts  
PhC H ^ZnB r.bipy an d  P h C I^ Z n C l.b ip y  a r e  p a le  y e l lo w  and  y e llo w  
i n  c o lo u r ,  a n d ^ in s o lu b le  in -m o s t  o r g a n ic  s o l v e n t s .
■‘.X :  .
Cj) . E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  PhCHpZ n l .b ip y  
A s o l u t i o n  o f  Q/. 8g 2 , 2 ’ - b i p y r id i n e , .  l .O g  o f  b e n z y l
3
i o d i d e ,  15mg Et^NC10^_ was p r e p a r e d  i n  13cm o f  a c e t o n i r r i l e /
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b e n z e n e  a n d  e l e c t r o l y s e d  f o r  6 h o u r s  a t  an  i n i t i a l  c u r r e n t  o f  
< *
25mA C40 v o l t s ) .  A f t e r  t h i s  p e r i o d  th e  r e a c t i o n  m ix tu r e  
was f i l t e r e d  and  th e n  t r e a t e d  w i th  p e tro le u m , e t h e r .  The 
o ra n g e -y e l lo w  p r e c i p i t a t e  w h ic h  fo rm ed  was w ahsed  s e v e r a l  
t im e s  w i th  b e n z e n e  to  rem ove e x c e s s  f r e e  2 , 2 ' - b i p y r i d i n e  
and  th e n  d r i e d  i n  v a c u o .
6 .9  P r e p a r a t i v e  c h e m is try  o f  a n io n ic  o rg a n o z in c  h a l i d e s
(a )  E le c tro c h p n n  c a l  p r e p a r a t i o n  o f  [M eZnl^J "  a n io n  
E le c t r o c h e m ic a l  o x id a t io n  o f  a n o d ic  z in c  in  th e  s o l u ­
t i o n  m ix tu r e  c o n s i s t i n g  o f  1 .5 g  o f  t e t r a - n - p r o p l y  i o d i d e ,
3 /  3 31 .5cm  m e th y l i o d id e ,  10cm a c e t o n i t r i l e -  and  3cm b e n ze n e
was c a r r i e d  o u t  f o r  3 h o u r s , ,  u s in g  an i n i t i a l  c u r r e n t  o f  
25mA (20* v o l t s )  . I n  some e x p e r im e n ts  th e  s o l i d  was depo­
s i t e d  a t  th e  anode and  a d h e re d  to  th e  s u r f a c e ,  th u s _ c a u s in g  
th e  c u r r e n t  to  d rop  g r a d u a l ly  . t o  z e ro  when no  m ore m e ta l  
was d i s s o l v e d .  T h is  c o u ld  b e  overcom e b y  r e p e a t e d  c le a n in g  
o f  th e  s u r f a c e  o f  anode o r  b y  s c r a t c h in g  o f  th e  d e p o s i te d  
p r o d u c t .
A f t e r  th e  e l e c t r o l y s i s  th e  r e a c t io n - m ix tu r e  was f i l t e r e d  
and t r e a t e d  .w ith  d i e t h y l  e t h e r  cSropwise. T h is  p r e c i p i t a t e d  
b o th  th e  p r o d u c t - a n d  u n r e a c te d  te trap ro p y lam m o n iu m  io d id e ;  
th e  l a t t e r  was rem oved by  s u c c e s s iv e  w ash in g  w i th  d ry  
c h lo ro fo rm  and  th e  p r o d u c t  d r i e d  i n  v a c u o . The p a l e  y e llo w  
^ m a te r i a l  was a n a ly s e d  f o r  z in c  an d  io d in e  CTable 6 .4 ) .
(b ) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  [ E tZ n ^ J  ~ a n io n
A m ix tu r e  c o n s i s t i n g  o f  1 .5 g  t e t r a - n - p r o p l y  ammonium
3 ' 3  3io d id e ,  12cm E t I ,  1 0 cm- a c e t o n i t r i l e  and  3cm b e n z e n e  was
   - — :—  ’ ~ --  &
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e l e c t r o  ly z e d  -using  e le c t r o c h e m ic a l  c e l l  B ( J i g .  2 , 2 ) .  A f t e r  
f o u r  h o u r s  o f  e l e c t r o l y s i s  w i th  an i n i t i a l  c u r r e n t  o f  "25mA 
and  20 v o l t s ,  t h e  l i g h t  brow n s o l u t i o n  r e s u l t i n g  from  
e l e c t r o l y s i s  w as, f i l t e r e d  and  t r e a t e d  w i th  d i e t h y l  e t h e r .
The s o l i d  w h ich  . p r e c i p i t a t e d  w as w ashed  th o ro u g h ly  w i th  
^ ^ c h lo r o f o r m  t o  d i s s o lv e  e x c e s s  t e t r a - n - p r o p l  i o d id e .  The.
• p a le  y e l lo w  s o l i d ,  w h ic h  i s  i n s ’o lu b le  i n  c h lo ro fo rm  was 
c h a r a c t e r i z e d  a s  [n P r^ lQ C E tZ n ^ J  , s l i g h t l y  s o lu b le  i n  ; 
a c e t o n i t r i l e  b u t  i n s o l u b le  i n  h y d ro c a rb o n s  .
Cc) E lectrochp-nvi c a l  p r e p a r a t i o n  o f  CF^Znlp a n io n  
CF^I (2 .5  cm ) was d i s t i l l e d  i n t o  one o f  th e  arm  o f
th e  K -ty p e  o f  c e l l  c o n ta in in g  a  m ix tu r e  o f  1 .5 g  t e t r a - n -
3 3propylam m onium  i o d id e ,  :10cm a c e t o n i t r i l e  and  5cm b e n z e n e . '
A f te r  d e g a s s in g  th e  s o l u t i o n  i t  was f l u s h e d  w i th  d ry  n i t ­
ro g e n  and  t r a n s f e r e d  in to  th e  s e c o n d  arm  o f  th e  c e l l  w h ich  
s e rv e d  a s  t h e  e l e c t r o c h e m ic a l  c e l l .  D e t a i l s  o f  th e  e le c t f -  
r i c a l  c o n d i t i o n s  a r e  g iv e n  i n  T a b le ' 6 .2 .  The i s o l a t i o n  o f  
th e  p ro d u c t  i s  e s s e n t i a l l y  i d e n t i c a l  to  t h a t  d e s c r ib e d  f o r  
iM e Z n ^ j” a n d  f E t Z n ^ ] -  a n io n ic  co m p lex es .
(d ) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f '  E tZ n B ^  ■ a n io n  
y  E le c t r o c h e m ic a l  o x id a t io n  o f  z in c  m e ta l  i n  a  s o l u t i o n
m ix tu re  s t a t e d  i n  .T ab le  6 .2  was c a r r i e d  o u t  f o r  4 h o u r s ,  
u s in g  i n i t i a l  c u r r e n t  o f  25mA (.30 v o l t s )  . The y e l lo w is h  
brow n s o l u t i o n  r e s u l t i n g  from  th e  e l e c t r o l y s i s -  was f i l t e r e d  
and  t r e a t e d  w i th  d i e t h y l  e t h e r  w h ich  p r e c i p i t a t e d  b o th  th e  
produfct and  u n r e a c te d  te tra -n -p ro p y la m m o n iu m  b ro m id e . The
■**
^  • 
r xtfs
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l a t t e r  was rem oved  b y  s u c c e s s iv e  w a sh in g  w i th  d ry  c h lo ro fo rm  
an d  d r i e d  i n  v a c u o . The p ro d u c t  was a n a ly s e d  f o r  z in c  and  
b ro m in e  CTable 6 . 4 ) .  The 7. y i e l d  o f  th e  p r o d u c t  on th e  
b a s i s  o f  m e ta l  d i s s o lv e d  d u r in g  e l e c t r o l y s i s  a r e  g iv e n  i n  
T a b le . 6 .4 .
* a
Ce) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  PhZnX^ a n io n s
E le c t r o c h e m ic a l ly  z in c  m e ta l  w as o x id iz e d  in  a  s o l u t i o n  
m ix tu re  R e t a i l s  o f  s o l u t i o n  c o m p o s it io n  a r e  g iv e n  i n  T a b le  
6  . 2  f o r  th e  p e r i o d  o f  f i v e  to  s i x  h o u r s  a t  a n - i n i t i a l  
c u r r e n t  o f  30mA. A f t e r  th e  e l d c t r o l y s i s  t h e  r e a c t i o n  
m ix tu r e  was f i l t e r e d  a n d  t r e a t e d  w i th  d i e t h y l  e t h e r .  The . 
i s o l a t i o n  o f  th e  p r o d u c t  was i d e n t i c a l  to  t h a t  d e s c r ib e d  
above f o r  [ E tZ n ^ J  an d  tE tZ n B ^ J  a n i o n s . #  '
Cf) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  P h Z n C l a n i o n
A s o l u t i o n  c o n s i s t i n g  o f  1 .2 g  o f  te tra -n -p ro p y la m m o n iu m
3 ' 3c h l o r i d e ,  2 cm c h lo ro b e n z e n e , 1 0 cm o f  a c e t o n i t r i l e  and
3
5cm b e n z e n e , was e l d c t r o l y z e d  f o r  5 h o u rs  a t  room te m p e ra ­
t u r e .  A f t e r  th e  e l e c t r o l y s i s ,  th e  e le c t r o c h e m ic a l  s o l u t i o n  
was f i l t e r e d  to  rem ove z in c  p a r t i c l e s , a n d  d i e t h y l  e t h e r  
a d d ed  d ro p w ise . The p r o d u c t  above p r e c i p i t a t e d ,  and  was 
w ash ed  w i th  p e tro le u m  e tl^ e r  and  d r i e d  in  v a c u o .
• -V
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. • . TABLE 6 .2
R e a c tio n  c o n d i t io n s  f o r  th e  d i r e c t  e l e c t r o c h e m i c a l 's y n t h e s i s  o f  o rg a n o d ih a lo g e n o z in c a te
( I I )  a n io n s  .
V ol(cm 3) (C-H-A.NX I n i t i a l I n i t i a l Time o f  Zn %J / H v o l ta g e c u r r e n t E l e c t r o l y s i s  d i s s o lv e d  y i e l d  
(h )
. — -----------------------------  * .........
A nion (a ) RX CH3CN CgHg (g). (v ) (mA)
CH3ZnI2 1 .5
C2H5 ZnBr2 ~ 2 .5  
C2H5 Z n I2“ 1 .5  
C6H5ZnCl2" 2 .0  
C6H5ZnBr2~ 2 .0  
C6H5 Z n I2“ 2 .0  
CF3Z n I2" 2 .0
i (aV
j v 'A s  th e  te tra -n -p ro p y la m m o n iu m  s a l t
j
iIi
i ' *
j •
i-ii . . .
j ■ '
10 3 1 .5 . 20 25. 3 • 101 91
10 5 2 . 0 30 25
Q : . : :
? 67
10 3 . 1 .5 20 25 125 79
10 5 1 . 2 A0 30 fe \  65 69
10 5 1 .3 A0 30 j \ .
1 *
/  77 67
10 5 1 .5 . 30 30 6 .0 ><( 115 73
10 5 T. 5 20 15 2 \  86 60
-115-
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TABLE 6 .3  '
A n a l y t i c a l  r e 's u l t s  f o r  2 ,2 * - b i p y r i d i n e  a d d u c ts  o f
o rg a n o z in c  h a l i d e s
A n a ly s is (F o u n d (c a lc d )  ) • (/£)
f a ’s
Compound 1
•V?
C o lo u r Z in c H a lo g en
C H ,Z nI.Lj y e llo w 1 8 .1 (1 8 .0 ) 3 5 .1 (3 5 .0 )
C2H^ZnBr?L p a le  y e llo w 20 ;0 ( 1 9 .8 ) ' 2 4 .6 (2 4 .2 )
C2H5 2n I .L p a le  y e l lo w i t .  5/ (1 7 .3 ) 3 3 .8 (3 3 .7 )
C2H22n B r . L
■ V A r
b ro w n -y e llo w 1 9 .8 (1 9 .9 ) 2 4 .4 ' (2 4 .3 )
C6H5 2n C l.L g r e e n - y e l lo w 1 9 .7 . (1 9 .6 ) 1 0 . 6 ( I P .  6 )
CgH^ZnBr.L y e llo w 1 7 .2 (1 7 .3 ) 2 1 .3 ( 2 1 . 1)
C6H5 Z n I .L  v y e llo w 1 5 .5 (15 .4 )' 2 9 .9 (2 9 .8 )
' ' s-»
CgF^ZnBr.L. • o f f - w h i te 1 4 .2 (1 4 .0 ) 1 7 .2  ■(1 7 .1 )
C6H5GH2ZnC1*L y e llo w 1 8 .7 (1 8 .8 ) 2 3 .2 (2 3 .0 )
CgH^ C I^Z nB r. L p a le  y e llo w 1 6 .6 (1 6 .7 ) 2 0 .3 (2 0 .4 )
C6H5 CH2 Z n I.L o ra n g e -y e l lo w 1 4 .8 (1 4 .9 ) 2 9 .0 (2 8 .9 )
CFgZnI.L brow n * 1 5 .7 (1 5 .7 ) 3 0 .4 (3 0 .4 )
*
^  L' = 2 , 2 ’ - b i p y r i d i n e
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. TABLE 6 .4  gg
A n a l y t i c a l  r e s u l t s  f o r  te tra -n -p ro p y la m m o n iu m  s a l t s  
o f  o r g a n o d ih a lo g e n o z in c a te C U )  an co n s
A nion C o lou r
A n a ly s is (F o u n d (c a lc d )  )* (%) 
Z in c  H a lo g en
CH3Z n I2~ p a le  y e l lo w 1 2 . 6 (1 2 .5 ) 4 8 .9 (4 8 .8 )
C2R3 ZnBr2~ p a le  o ra n g e 1 4 .7 (1 4 .8 ) 3 6 .3 (3 6 .3 )
C2H5 Z n I2" p a le  y e llo w 1 2 .3 ( 1 2 . 2 ) 4 7 .4 (4 7 .5 )
C6H5 ZnC l2". o f f - w h i t e 1 6 .4 (1 6 .3 ) 1 7 .7 (1 7 .7 )
CgH^ZnBr2 y e  l lo w -  o r  ange 1 3 .4 (1 3 .4 ) '3 2 .7 (3 2 .7 )
C6H5Z n I2_ p a le  y e llo w 1 1 . 2 ( 1 1 . 2 ) 43.7- (4 3 .6 )
CF3Z n I2" y e llo w 1 1 .5 (1 1 .4 ) 4 4 .4 (4 4 .2 )
.-v
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TABI£* 6 .5
« *
C o n d u c tiv i ty  m easu rem en ts  f o r  some a n io n ic  o r g s n o z in c  h a l i d e s
Compound
•
C o n d u c t iv i ty
- 1  2 :-l ohm on m ol
[C3H7 ] 4 N[MeZaI2 ] - * • 140 /
[C3H7 ] 4 N [E tZnB r2] 3.34
[C3H7 ] 4N [E tZ n I2' l ' . - 138
TABLE 6 . 6
A n a ly s is  o f  o rg a n o z in c  h a l i d e s  by  a c i d  d e c o m p o s itio n
Compound
W t. c p d . 
(®g)
V o l. o f  g as 
Found /
(cm3 , STP) 
C a lc d .
CH3Z n I .b ip y 8 7 .3 5 .8 (5 .9 )
C ^ ^ Z n B r .b ip y 9 5 .0 7 .0 ( 6 - 8 )
C^H^Znl .b ip y 9 .1 2 5 .9 (5 .7 )  ' '
[CH3Z n I2 ] _ (a )  - 8 0 .0 3 .5 (3 .7 )
[C2H3 ZnBr2 ] (a ) 7 5 .3 * -4 .0 (4 .1 )
[C2H5 Z n I2 ] _ (a ) 1 2 1 . 0 5 .3 (5 .5 )
/
i
v ' As th e  te tra -n -p ro p y lam m o n iu m . £ a l t
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TABLE 6 .7
I .R  s p e c t r a  o f  2 , 2 ' - b i p y r i d i n e  a d d u c ts  o f  RZnX
b i p y ^ M eZ nI.b ipyk E t2 n l .b i p y b E tZ nB r .b ip y *3
4 0 4 ^ s 410 m 410 s • 410 s
.429 w 510 s 515 s ' ' 545 mb, .
618 s 650 m 630 sb 635 m
. 640 sh 650 w
652 s 675 w 665 w 670 m
740 m 735 s 735 s 740 s
752 s 770 s, ■ 760 s , 765 s
892 m 900 w 890 v 900 m
992 .s ' 970~m 965 m ___980 m
1039 m 1020  m 1025 s 1020  m
1062 m ; 1035 m 1035 m 1040 v
1083 m 1080 w 1090 m ' 1075 m
1139 m 1140 m 1145 s 1140 m
1249 m 1233 s 1240 m 1230 m
1312 s 1300 s 1310 s 1305 s
1418 s 136Q s 1370 s 1365 .mb *
•1552 s 1445 s 1430 s 1450 m
1575 s - 1475 s 1465 s 1470 s
1570 m 1580 in— 1590 m
1615 s . 1610 1610 s
a- -  r e f .
b = F re q u e n c ie s  i n  cm , • sam p le  ru n  -as N ujol- m ull- b e tw een  
KBr p l a t e s .
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• TABLE 6 . 8
M easurem ent o f  c u r r e n t  e f f i c i e n c y  f o r  th e  p r e p a r a t i o n ' 
o f  some n e u t r a l  and a n io n ic  o rg a n o z in c  h a l i d e s
S ystem .t 5tadlCZn)F"i
Z n(+ ) /M eI 0 .9 9
Z n ^ ^  / E t I  / P t 1 .0 8
Z n ^ / M e l  +  b . i p y / P t ^ .0 .89
Z n ^ / E t l  +  b i p y / P t ^ 0 .7 6
2 n ^ / M e I  +  n P r ^ N I / P t ^ .. 0 .8 3
Z n ^ / E t l  +  n P r ^ N I / P t ^ 0 .7 9
E x p e r im e n ts  r u n  f o r  2 -3  h r s . a t  a  c o n s ta n t  c u r r e n t  o f  20-30mA.
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6 .1 0  R e s u l t s  an d  D is c u s s io n
The e l e c t r o c h e m ic a l  o x id a t io n  o f  z i n c ,  s i m i l a r ; t o  t h a t  
27 28 29o f  cadmium ' ’ i n  n o n -aq u e o u s  m e d ia  o f f e r s ,  a  s im p le  and
a  c o n v e n ie n t  r o u t e  t o  th e  s y n t h e s i s  o f  a  s e r i e s  o f  n e u t r a l
and  a n io n ic  o rg a n o z ih c  h a l i d e s .
. /  • * »
The z in c  m e ta l  u n d erg o es- d i r e c t  c a t a l y t i c  r e a c t i o n  
w ith - a l l e y lh a l id e s  to  g iv e  t h e  compounds o f  th e  ty p e  RZnX, 
b u t  th e  a n a lo g o u s  a r y l  z in c  h a l i d e s  c a n n o t b e  p r e p a r e d  by  
t h i s  c o n v e n t io n a l  c h em ic a l w ay, an d  th e  e a s i e s t  a v a i l a b l e  
r o u t e  in v o lv e s  an  e le c t r o c h e m ic a l  o x id a t io n  o f  z in c  i n  t h e  
p re s n e c e  o f  .a ry l  h a l id e s - .  The a d d u c ts  a l l  in v o lv e d  th e  
b i d e n t a t e 'd o n o r .  2 , 2 ?- b i p y r i d i n e ,  b u t  t h e r e  i s  no  d o u b t on  
th e  b a s i s  o f  p r e v io u s  s t u d i e s - . t h a t  compounds w i th  o t h e r  
n e u t r a l  l ig a n d s  c o u ld  r e a d i l y  b e  p r e p a r e d  by  t h i s  r o u t e .
The 2 r2 * - b i p y r i d i n e  a d d u c ts  o r  o rg a n o z in c  h a l i d e s  a r e
'  ft>c r y s t a l l i n e  c o lo u r e d  ( y e l lo w -w h ite )  com pounds, s t a b l e  ••irv'£,> 
d ry  n i t r o g e n ,  i n s o l u b l e  i n  a c e to n e ,  b e n z e n e , d i e t h y l  e t h e r  
o r  p e tro le u m  e t h e r  and s l i g h t l y  s o l u b l e  i n  a c e t o n i t r i l e . „ 
A l l  show s o l u b i l i t y  i n  a  m ix tu re  o f  a c e t o n i t r i l e  "and  th e  
p a r e n t  o r g a n o h a l id e .
The m ethod  o f  d i r e c t  e le c t r o c h e m ic a l  s y n th e s i s  a l s o  
l e a d s ' to  th e  fo rm a t io n  o f  R Z n ^ -  s a l t s  w i th  e a c h  o f  th e  
e le m e n ts  c h l o r i n e ,  b ro m in e , and  io d in e  and w i th  R = a l k y l
o r  a r y l  g ro u p s ,  a n d  h e re  a g a in  t h e r e  seem s e v e ry  r e a s o n  to
» • .* /*
assum e t h a t  th e  p a r e n t  RZnX compounds a r e  s t a b i l i z e d  by  
f u r t h e r  c o o r d in a t io n  a r e  t h e  a n io n ic  com plexes R ZnX ^ (a s .
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t h e  s a l t  w i th  t h e  te tra -n -p ro p y la m m b n iu m  c a t io n )  . The 
s a l t s  h a v e  s i m i l a r  s t a b i l i t i e s  a n d  s o l u b i l i t i e s  t o  th e  
n e u t r a l  a d d u c ts  d i s c u s s e d  a b o v e . I n  b o th  c ase s i, t h e  low  
s o l u b i l i t i e s  may r e f l e c t  same d e g re e  o f  p o ly m e r iz a t io n  in  
th e  s o l i d  s t a t e  C cf. r e f .  1 3 4 ) .
M o la r c o n d u c t iv i t y  >*>
The f o r m u la t io n  o f  t h e s e  compounds a s  s a l t s ,  was con -
• ’ T h . v
f i rm e d  b y .m e a s u r in g  th e  m o la r  c o n d u c t i v i t i e s  f o r  nM s o l u t i o n
i n  a c e t o n i t r i l e .  The r e s u l t s  w ere  g iv e n  i n  T a b le  6 .5 ,  th e
2 - 1v a lu e s  w ere  i n  th e  ra n g e  o f  135 +  5 ohms cm m ol w h ich
2  - 1i s  w i t h in  t h e  l i m i t s  o f  120-160 ohms- cm m ol , r e g a r d e d  a s
. - 118
b e in g  t y p i c a l  f o r  1 :1  e l e c t r o l y t e s  i n  t h i s  s o l v e n t .  The
c o n d u c t iv i t y  an d  a n a l y t i c a l  d a ta  (T a b le  6 .4 )  e s t a b l i s h e s
th e  i o n i c  s t r u c t u r e  w i th  c e r t a i n t y .
Gas a n a l y s i s
I n  n e u t r a l  and  a n io n ic  o rg a n o z in c  h a l i d e  compounds
w h e re  R = Me o r  E t  g ro u p , d e c o m p o s itio n  b y  th e  a d d i t i o n  o f
d i l u t e  and  r e l e a s e  m e th an e  o r  e th a n e  g as w h ic h  was c o l l e c t e d  
•*»
and  w hose volum e was m ea su re d  (.T able 6 . 6 ) shows t h a t  f o r  
e a c h  m ole  o f  d i l u t e  a c i d ,  one m ole  o f  a lk a n e  was e v o lv e d .
V i b r a t i o n a l  s p e c t r o s c o p y
The in f o r m a t io n  w h ic h  can  b e  o b ta in e d  in  th e  p o ta s s iu m  
b ro m id e  r e g io n  o f  th e  i n f r a r e d  s p e c tru m  i s  l i m i t e d .  The 
i n f r a r e d  s p e c t r a  o f  th e  2 , 2 1- b i p y r i d i n e  o r  th e  t e t r a - n -  
propylam m onium  c a t io n  a s  a p p r o p r i a t e  was c l e a r l y  d e m o n s tra te d
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i n  e v e ry  c a s e  b y  e s t a b l i s h e d  i n f r a r e d  s p e c t r o s c o p ic  m e th o d s .
- 1The (Zn-Me) b a n d  a t  510 cm w as r e a d i l y  i d e n t i f i e d
_ v  w
i n  (M e Z n I .b ip y ) , a s  was (Z n -E t)  a t  515 cm (E tZ n I .b ip y ^ , 
o r  545 cm*. -'In- (E tZ n B r .b ip y )  . T h is  r e g io n  o f  th e  sp e c tru m  
h a s  b e e n  a s s ig n e d  i n  a  v a r i e t y  o f  p a p e r s  t o  t h e ' c a r b o n - z in c  
s t r e t c h i n g  f re q u e n c y . ^
The p r e s e n c e  o£ CF^ ° r  £5^5  was e q u a l ly  s&bwn b y  ^(.C -F) 
w i th  m u l t i p l e  s t r o n g  b a n d s  a p p e a r in g  o v e r  th e  (1 0 4 0 -1 1 5 0 )cm 
b r o a d  r e g i o n  o f  c a r b o n - f lu o r in e  a b s o r p t io n .  No a t t e m p ts  
w ere  m ade to  i d e n t i f y  t h e  "Q(Zn-X) o r  ^ (Z n-N )" modes o f  
v i b r a t i o n .
P r o to n  N.M.R. s p e c t ro s c o p y
•'The low  s o l u b i l i t y  o f  t h e  n e u t r a l  2 , 2 ’ - b i p y r i d i n e
*
a d d u c ts  o f  o rg a n o z in c  h a l i d e s  i n  o r g a n ic  s o lv e n t s  p r e v e n te d  
- s tu d ie s  o f  th e  n  .m .r  . s p e c t r a  o f  t h e s e  com pounds. I n  
d e u te r a t e d  a c e t o n i t r i l e ,  th e  compound P r,N £ P h Z n I7j  shows 
th e  e x p e c te d  re s o n a n c e  due 't o  c a t i o n  p lu s  a  m u lt  i p  l e t  a t  
S 7 .2  a s s ig n e d  to  t h e  p h e n y l  p r o to n s  o f  th e  a n io n .  D e s p ite  
t h e i r  low  s o l u b i l i t y ,  t h e  c o r r e s p o n d in g  c h lo r o  an d  bromo 
compounds show s i g n a l s  f o r  th e  p h e n y l ic  p r o to n s  a t  $ 7 . 2 , 
a n d  £ 7 ..3 . F o r Pr^N CM eZn^J /  th e  t r i p l e t  a t  £ 0 .9  o f  th e  -CH^ 
p r o to n s  o f  th e  c a t i o n  show s some d i s t o r t i o n  and  e x t r a  i n t e n ­
s i t y  on i n t e g r a t i o n  com pared  to  th e  s p e c tru m  o f  t e t r a - n -  
propylam m onium  i o d id e ,  fro m  w h ic h  one can  deduce  t h a t  CH^ 
g ro u p  p r e s e n t  i n  th e  a n io n  M eZ n^  h a s  a  re s o n a n c e  in  
t h i s  r e g io n .
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R e a c tio n  m echanism
I n  a  p r e v io u s  C h a p te r ,  i t  w as p o in te d  o u t  t h a t  m e a su re ­
m ent o f  t h e . c u r r e n t  e f f i c i e n c y  e x p re s s e d  a s  m ole m e ta l  
d i s s o lv e d  p e r  F a ra d a y  o f  e l e c t r i c i t y  g iv e s  a  good  i n d i c a t i o n  
o f  th e  p o s s i b l e  r e a c t i o n  m echan ism . The c u r r e n t  e f f i c i e n c i e s  
m ea su re d  f o r  a  num ber o f  Z n ,,% /RX sy s te m s  a t  c o n s ta n t  c u r r e n t
(20-30mA) f o r  2 -3  H ours a r e  r e p o r t e d  i n  T a b le  6 . 8 . T h ese
» f  .  •*
v a lu e s  a r e  re m a rk a b ly  c o n s t a n t ,  an d  s i g n i f i c a n t l y  lo w e r 
th a n  th o s e  fo u n d  f o r  the. c o r r e s p o n d in g  cadmium s y s te m . I n  
t h i s  l a t t e r  c a s e ,  a s w i th  t i n  t h e  h ig h  c u r r e n t  e f f i c i e n c y ,  
was e x p la in e d  i n  ••■terms o f  t h e  f o l lo w in g  schem e.
C athode
R X f e "  ------ :-------- » R* +  X ' Cl)
Anode X_ ■+ M --------------- » HX *  e~ C2)
MX +  RX -------------- > RMX' +  X* : C3)
*
X* +  M -------- -------> MX C4)
R e a c tio n s  C3) an d  C4) c o n s t i t u t e  a  c h a in  p ro c e s s  w hose 
l e n g th  i s  in d e p e n d e n t o f  th e  e le c t r o c h e m ic a l  anode' r e a c t i o n  
C2) : The c u r r e n t  e f f i c i e n c y  f o r  th e  s im p le s t  s y s te m  Z n ^ / M e l
o r  E t I  i n  th e  a b se n c e  o f  l ig a n d  C 2,2 ’ - b i p y r id i n e )  was fo u n d  
to  b e  u n i t y ,  w i th in  e x p e r im e n ta l  e r r o r '7 w h ich  im p l ie s  t h a t  
r e a c t i o n  GO i s  o f  l i t t l e  im p o r ta n c e .
Any h a lo g e n  fo rm ed  in  eq  C3) w i l l  th e n  m o st l i k e l y  go 
to  X2  (e g -  I 2 ) I 11 k e e p in g  w i th  th is^ , a  p u r p le  c o lo u r
. was o b s e rv e d  n e a r  th e  anode i n  u n s t i r r e d  s o l u t i o n s . The 
o t h e r  sy s te m  g iv e s  Ep v a lu e s  b e lo w  u n i ty  i n  th e  p re s e n c e , 
o f  2 , 2 * - b i p y r i d i n e  o r  te tra p ro p y la m m o n iu m  io d id e  w h ic h  may 
b e  due to  th e  fo rm a t io n  o f  i n s o l u b l e  r e a c t i o n  p r o d u c t s ' on
permission of the copyright owner. Further reproduction prohibited without permission.
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t h e  m e ta l  s u r f a c e .  . One p o s s i b l e  r a t i o n a l i z a t i o n  f o r  t h e .  
d i f f e r e n c e  b e tw e e n  z in c  on th e  one  h a n d  and  cadmium and  
t i n  on th e ' o t h e r ,  may- l i e  i n  t h e  e n e r g e t i c s  o f  th e  r e a c t i o n .  
( 4 ) ;  z in c  h a s  a  h ig h e r  i o n i z a t i o n  e n th a lp y  th a n  cadmium 
(.905 KJ m o l” ^ f o r  z in c ,  867 KJ m ol~^ f o r  cadmium) an d  t h i s  
may b e  s u f f i c i e n t  to  p r e v e n t  eq  (4 ) f rc &  o c c u r r in g .
6 .1 1  C o n c lu s io n .
The e l e c t r o c h e m i c i l  .o x id a t io n  o f  z in c  a s  th e  s a c r i f i ­
c i a l  anode o f f e r s  a  s im p le , c o n v e n ie n t  an d  r a p i d  s y n t h e t i c  
r o u t e  to  -a s e r i e s  o f  n e u t r a l  and  a n io n ic  o rg a n o z in c  h a l i d e s  
a t  room t e m p e r a tu r e . _ A lth o u g h  s p e c t r o s c o p ic  and  a n a l y t i c a l  
r e s u l t s  c o n f irm  th e  n a tu r e  o f, r e a c t i o n  p r o d u c t s ,  a  
d e t a i l e d  s t r u c t u r a l  i n v e s t i g a t i o n ,  p ro b a b ly  -a t th e  l e v e l  
o f  x - r a y  c r y s t a l l o g r a p h y ,  w i l l  b e  r e q u i r e d  to  draw  a  f i n a l  
c o n c lu s io n  a b o u t  th e  s t r u c t u r e s .
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L  ■ • CHAPTER V II
ELECTROCHEMICAL SYNTHESIS OF SOME PhjSnM Cl ADDUCTS
. ' iJ-
7 .1  I n t r o d u c t i o n
A c o n s id e r a b le  num ber o f  compounds c o n t a i n i n g t i n  bo n d ed
1 1to  a  t r a n s i t i o n  m e ta l  o r  to  a  m ain  g ro u p  m e ta l  * o f  
g ro u p  V CSb, B i ) ’ o r  g ro u p  IV  CGe, S n , P b ) ^ ^  h a v e  b e en  ' \ \  
r e p o r t e d .  ' The c h e m is try  o f  m e tfa l-m e ta l b o n d e d  compounds 
o f  m ain  g ro u p  m e t a l s ,  and  e s p e c i a l l y  o f  g ro u p  IIB  and  IVA. 
e le m e n ts ,  h * s  b e e n  th e  s u b j e c t  o f  a  num ber o f  s t u d i e s  i n  
r e c e n t  y e a r s .  '
One p r e p a r a t i v e  r o u t e  in v o lv e s  th e  r e a c t i o n  o f  ZnC l2
16Sw i th  Ph^SnK i n  l i q u i d  ammonia fo l lo w e d  by  e x t r a c t i o n  .
w i th  t e t r a h y d r o f u r a n  w h ic h  y i e l d s  u n s o lv a te d  CPh^Sn) .
• * %
The p r e p a r a t i o n  o f  su c h  com pounds, an d  h e n c e  t h e i r  
a d d u c ts  h a s  b e e n  a l s o  a c h ie v e d  by  e l e c t r o p h i l i c  a t t a c k  o f  
a  t r i o r g a n o t i n  h y d r id e  on  d i a l k y l t i n c  o r  cadmium o r  t h e i r  
a d d u c ts  w i th  some b i d e n t a t e  n e u t r a l  o r  d o n o r l ig a n d ,  w h e re ­
upon' t h e  f o rm a t io n  o f  G ^ S n ) 2CdL. i s  a cco m p an ied  by  th e  
r e l e a s e  o f  a l k a n e . ^ ^
SPh^SnH +  ^KLL ------------;------------ > CPh3S n )2M.L + 2RH
R = E t ,  M = Zn; R = Me, M = Cd 
CL = THE, DME, TMED, o r  B ipy)
The m echanism  o f  su c b  r e a c t i o n s  h a s  b e en  d i s c u s s e d ,  as  
h a s  th e  im p o r ta n c e  o f  th e , c o r r e s p o n d in g  h a l i d e  com plexes 
e g . , R^SnZnX.L w h ich  can  b e  p r e p a r e d  b y  t h i s  r e a c t i o n .
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The r o l e  o f  a  s t r o n g  c o o r d in a t in g  l i g a n d  CL) i n  p re v e r i-  • *
X68t i n g  1 , 2  s h i f t s  o f  p h e n y l  g ro u p s  h a s  b e en  e m p h a s iz e d .
E a b o m , Thomson and  W alto n  h a v e  p r e p a r e d  b i s C t r i p h e n y l s t a n n y l ) -  
m e r c u r y ^ ^  b y  th e  r e a c t i o n ,  o f  t r ip h e n y ls ta n n 'e  a r e  w i th  
_ d i£ b is - C tr im e h y ls i ly l )  a m id o jm e rcu ry  i n  2 : 1  m ole r a t i o  a t  
room  t e m p e r a tu r e . ' H e x a m e th y ld is i la z a n e  w as 'q u a n t i t a t i v e l y  
e v o lv e d , l e a v in g  p u re  b i s  C t r ip h e n y I s ta n n y l)m e r c u ry  a s  a
7 ■ •
b r i g h t  y e l lo w  s o l i d .  '
2Ph3SnH +  HgrNCSiMe3 } 23 2   > HgCSnPh3) 2 +  2CMe3S i ) 2 NH.
T h is  c h a p te r  d e a ls  w i th  t h e  e le c t r o c h e m ic a l  o x id a t io n  
o f  g ro u p  I IB  m e ta ls  CM = Z n, Cd o r  Hg) i n  a  n o n -a q u e o u s  J 
s o l u t i o n  o f  P h3SnCl t o  y i e l d  th e  m e ta l - m e ta l  b o n d e d  i n s e r t i o n  
p r o d u c ts  P h 3SnHCl, w h ic h 'w e re  i s o l a t e d  a s  an  a d d u c t  o f  a  
B id e n ta te  l i g a n d  p r e s e n t  i n  th e  s o l v e n t  p h a s e .
114The d i r e c t  e l e c t r o c h e m ic a l  s y n th e s i s  o f  RCdX-, RCdX-.L 
an d  R Z aX .L ^ ^  compounds h a s  b e e n  d i s c u s s e d  in  C h a p te r  I I I  
an d  V I. The o v e r a l l  r e a c t i o n
RX +  M ----------------- >RMX.
w h ich  d e s c r ib e s  th e  s to i c h io m e t r y  o f  t h e s e  r e a c t i o n s  i s  
a p p a r e n t ly  n o t  r e s t r i c t e d  t o  o r g a n ic  h a l i d e s , b u t  a l s o  
a p p l i e s  t o  th o s e  in 'w h ic h  R = P h 3S n .
7 .2  . E x p e r im e n ta l  .
I n  g e n e r a l  th e  e le c t r o c h e m ic a l  p r e p a r a t i o n  o f  th e s e  
m e ta l - m e ta l  b o n d ed  compounds w ere  c a r r i e d  o u t  i n  an  H -form  
C e l l  B ( F ig .  2 .2 ,  p .  3 5 ) .  The d e t a i l e d  d e s c r i p t i o n  o f  th e  
c e l l  h a s  b e e n  a l r e a d y  g iv e n  i n  C h a p te r  I I .
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Z in c  CM5N) and  cadmium (M4N) CA lfa In o rg an ic s} -~ w e re
u s e d  a s  a n o d ic  p l a t e s ,  a p p ro x im a te ly  2 x  0 .5  x  0 .2  cm,
made b y  m e c h a n ic a l ly  f l a t t e n i n g  m e ta l  ro d s  o f  th e  a p p r o p r i a t e
s i z e .  M ercu ry  was t r i p l e  d i s t i l l e d  (E n g e lh a rd  I n d u s t r i e s
o f  C anada L t d . ) ; a  p o o l  o f  m e rc u ry  i n  th e  b o tto m  o f  th e  c e l l
w as th e . a n o d e . T r ip h e n y l t i n  c h lo r i d e  an d  2 ,2 * - b i p y r i d i n e
w ere  u s e d  a s  s u p p l i e d .  ' N ,N ,N ’ - te t r a m e th y le th y le n e 'd ia m in e
a c e o n i t r i l e  an d  b e n ze n e  w ere  d r i e d  a s  d e s c r ib e d  i n  C h a p te r  I I .
The s o l u t i o n  p h a se  c o n s i s t e d  'o f  t r i p h e n y l t i n  c h lo r id e
, i n  same o r g a n ic  s o lv e n t  t o g e t h e r  w i th  th e  n e u t r a l  d o n o r
_ l ig a n d .  I n  a l l  e x p e r im e n ts  E t^N C lo^  C1Q-20 mg) w e re  u s e d  to
e n h an ce  th e .  c o n d u c t iv i t y ;  a p p l i e d  v o l t a g e s  a n d  a n a l y t i c a l
d a ta  i n  e a c h  an d  e v e ry  e x p e r im e n t  a r e  g iv e n  T a b le  7 .1  a n d  7 .2 .
The e x c l u s i o n  o f  m o is tu r e  and  a i r  from  th e  r e a c t i o n
m ed ia  i s  a  m o st im p o r ta n t  e x p e r im e n ta l  p r e c a u t i o n ,  an d  a l l
r e a c t i o n s  an d  o p e r a t io n s  w ere  t h e r e f o r e  p e rfo rm e d  u n d e r
n i t r o g e n .  -
7 .3  I s o l a t i o n  o f  p ro d u c t
The p r o d u c t  was i s o l a t e d  b y  a d d in g  p e tro le u m  e t h e r  o r- 
d i e t h y l  e t h e r  d ro p w ise  to  t h e  f i l t r a t e  from  t h e  e l e c t r o ­
c h e m ic a l e x p e r im e n t .  The m a t e r i a l  was w ashed  s e v e r a l  t im e s
*
w i th  p e tro le u m  e t h e r  and d r i e d  .in  v a c u o .
7 .4  ' A n a ly s is
A n a ly s is  f o r  m e ta ls  was by  a to m ic  a b s o r p t io n  s p e c t r o ­
p h o to m e try  and  f o r  c h lo r in e  by  V o lh a rd  t i t r a t i o n  a s  d e s c r ib e d  
i n  C h a p te r  I I  o f  t h i s  d i s s e r t a t i o n .  The i n f r a r e d  s p e c t r a
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w e re  r e c o r d e d ,  u s in g  c e s iu m  io d id e  p e l l e t s , w h ich  c o n f irm e d  
th e  p r e s e n c e  o f  th e  p h e n y l  g ro u p  an d  th e  n e u t r a l  lig a n d -. 
F a r i n f r a r e d  s p e c t r a  (500-50cm ~^) w ere  r e c o r d e d  w i th  sam p le s  
a s  N u jo l  m u lls  b e tw ee n  p o ly e th y le n e  p l a t e s  (T a b le  7 . 3 ) .  
P r o t o n -NMR s p e c t r a  f o r  e a c h  o f  th e  N ,N ,N ' ,N ’ - t e . t r a -
* s ,N
me th y  l e  th y  le n e  d iam in  e a d d u c t s ,  an d  f r e e  b i d e n t a t e  l ig a n d  
- (N ,N ,N * -,N * -te tr  a m e th y le  th y  le n e  d iam in e ) w ere  ru n  i n  CDCl^ 
a t  60MHZ, u s in g  TMS as an- i n t e r n a l  s t a n d a r d  (T a b le  7 .4 ) .
. 7 .5  P r e p a r a t i v e  c h e m is try
(a )  E lectrochpffl-i c a l  p r e p a r a t i o n  o f  Ph^ShZriCl.TMED 
The p r e p a r a t i o n  o f  Ph^SnCdCl.TMED was c a r r i e d  o u t
i n  two arm ed c e l l  B ( F ig .  2 . 2 ) .  The s o l u t i o n  c o n s i s t i n g  o f  .
3 30 .8 g  P h^S nC l, 6 cm a c e o n i t r i l e ,  8cm b e n z e n e , l . l g  TMED
an d  15mg o f  Et^CNlO^ w a s’ p o u re d  i n t o  one o f  th e  arm  o f  th e  
E -c e l l - ,  and  a f t e r  a  s e r i e s - o f  e v a c u a t io n / f r e e z in g  c y c le s  t o  
rem ove d i s s o lv e d  o x y g en , t h e 's o l u t i o n  m ix tu r e  w as d e c a n te d  
i n t o  t h e  s e c o n d  arm  w h ich  s e r v e d  a s  t h e  e le c t r o c h e m ic a l  c e l l .  
D e t a i l s  o f  th e  e l e c t r i c a l  c o n d i t io n s  a r e  g iv e n  i n  T a b le  7 .1 .  
A f t e r  3 h o u rs  o f  e l e c t r o l y s i s - ,  th e  e le c t r o c h e m ic a l  s o l u t i o n  
was f i l t e r e d  to  rem ove any  z in c  p a r t i c l e s . ’
A w h i te  i n s e r t i o n  p r o d u c t  o f  th e  e le c t r o c h e m ic a l  r e a c ­
t i o n  was p r e c i p i t a t e d  fro m  th e  f i l t r a t e  b y  s u b s e q u e n t  s lo w  
a d d i t i o n  o f  d i e t h y l  e t h e r . ‘o r  p e t  e t h e r .  The m a t e r i a l  was
to’
w ashed  s e v e r a l  t im e s  w i th  p e tro le u m  e t h e r  / d i e t h y l  e t h e r  and  
; d r i e d  i n  v a c u o . The p r o d u c t  was a n a ly s e d  f o r  z in c ,  t i n  and
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c h lo r in e  CTable 72 . ) - /  The y i e l d  o f  th e  p r o d u c t  an d  th e  
m e ta l  d i s s o l v e d  d u r in g  e l e c t r o l y s i s -  a r e  g iv e n  i n  T a b le  7 . 1 . ‘
(b )  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  PhgSnC dC l. TMED
-• The p r e p a r a t i o n  o f  PhgSnCdClTMED was a l s o  c a r r i e d  o u t  
i n  two arm  C e l l  B (F ig .  2 . 2 ) .  The m ix tu r e  o f  15mg E t^N ClO ^,
. 0 .5 g  Ph^S nC l, l .O g  TMED, 2 .5cm  a c e t o n i t r i l e  an d  5cm 
b e n ze n e  was e l e c t r o l y z e d  a f t e r  a  s e r i e s  o f  e v a c u a t io n /  
f r e e z i n g 'c y c l e s . The;‘p ro c e d u re  f o r  th e  i s o l a t i o n  o f  p r o d u c t  
was th e  same a s  t h a t  d e s c r ib e d  above f o r  th e  Sn-Zn compound. 
D e t a i l s  o f  th e  e l e c t r i c a l  c o n d ic t i o n  and  a n a l y t i c a l ' r e s u l t s  
^  a r e  g iv e n - in  T a b le s ' 7 . 1 . a n d  7 .2 .
(c )  E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  P h ,S n C d C l.b ip y  
E le c t r o c h e m ic a l  p r e p a r a t i o n  o f ' P h ^S nC dC l.b ipy  was ^
p e rfo rm e d  i n  C e l l  B (F ig .  2 .2 ) .  The m ix tu re  o f  0 .0 7 g  
Fh^S nC l, 0 .3 g  2 ,2 ' - b i p y r i d i n e , 2 .5cm ^ a c e t o n i t r i l e ,  5cm^ 
b e n ze n e  a n d  15mg o f  Et^NClO^ was ad d ed  i n t o  one o f  th e  arm  
o f  th e  C e l l  a n d ^ s tf te r  d e g a s s in g  t r a n s f e r r e d  i n t o  th e  o t h e r  
arm . A f t e r  1 .5  h o u rs  o f  e l e c t r o l y s i s  a t  8 v o l t s ,  18mA, th e - 
- w h i te  m a t e r i a l s  w h ic h  fo rm ed  i n  t h e  c e l l  was c o l l e c t e d ;  
f u r t h e r  q u a n t i t i e s  o f  p r o d u c t  w e re  o b ta in e d  b y  a d d in g  p e t ­
ro le u m  e t h e r  d ro p w ise  t o  th e  f i l t r ^ t e T
The m a t e r i a l  was w ashed  w i th  d i e t h y l  e t h e r  to  rem ove 
e x c e s s  2 , 2 ' - b i p y r i d i n e  an d  th e n  d r i e d  i n  v a c u o . The p r o d u c t  
was a n a ly z e d  f o r  cadmium, t i n  and  c h lo r in e  (T ab le  7 . 2 ) .
• The y i e l d  o f  th e  p ro d u c t  and  th e  m e ta l  d i s s o lv e d  .d u rin g  
t h e  e l e c t r o l y s i s  a r e  g iv e n  i n  T a b le  7 .1 .
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(d ) ' E le c t r o c h e m ic a l  p r e p a r a t i o n  off- Ph^SnH gC l. TMED 
E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  PhiphHgCl.TMED was 
c a r r i e d  o u t  i n  t h e  C e l l  S. ( F ig .  2 . 2 ) ;  a  p o o l  o f  m e rc u ry  in  
th e  b o tto m  o f  th e  c e l l  was th e  a n o d e , w i th  th e  s e m i c i r c u l a r  
t u n g s t e n  w i r e  f u s e d  i n t o  th e  s i d e  o f  th e  arm  a c t e d  a s  th e  
c a th o d e .  '
3The m ix tu re  o f  0 .8 g  P h^S nC l, l .S g  TMED, 6 cm a c e t o n i -
3 't r i l e ,  8cm b e n z e n e  an d  few  mg o f  E t^N C lO ^w as d e g a s s e d ,
f lu s h e d  w i th  d ry  n itro g e n * , and  th e n  d e c a n te d  i n t o  th e  o t h e r  
arm . A f t e r  f o u r  h o u rs  o f  e l e c t r o l y s i s  w i th  an  i n i t i a l  
c u r r e n t  o f  25mA an d  30 v o l t s ,  th e  e le c t r o c h e m ic a l  s o l u t i o n  
was rem oved and  th e n  f i l t e r e d ;  a  w h i te  p r o d u c t  was p r e ­
c i p i t a t e d  from  th e  f i l t r a t e  b y  s lo w  a d d i t i o n  o f  d i e t h y l
4' ****&. e t h e r / p e t  e t h e r .  The m a t e r i a l  fl^s w ash ed  s .e v e ra l  t im e s
< '
w i th  p e t  e t h e r / d i e t h y l  e th e r ,-  d r i e d  i n  vacuo  and  a n a ly z e d  
(T a b le  7 .2 )  . I t  i s  m uch l e s s  s t a b l e  th a n  th e  Sn-Z n o r  ■ 
Sn-C d b o n d ed  com pounds, and  shows d e c o m p o s itio n  on lo n g  
e x p o su re  t o  l i g h t .
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TABLE 7 .1
E x p e r im e n ta l  C o n d itio n s  f o r  th e  E le c t r o c h e m ic a l  S y n th e s is  o f  PhgSnM Cl.L Compounds
P ro d u c t V ol(cm 3) a i
CH3CN C6H6
Maas o f  
Ph-jSnCl
(£>
Maas 
o f  L
(g)
I n i t i a l  I n i t i a l  Time o f  * 
V o lta g e  C u r re n t  E l e c t r o -
(V) (mA)
M a s s 'o f  Mass o f  
M e ta l P ro d u c t  
D i s s o lv e d '( g )
(g )
7a . 
Y ie ld
i .
P h0SnZnCl TMED 3 6 8 0 . 8 1 . 1  . 30 25 3 .0  ’ 0 .0 8 4 0 $ 3 - 100,
P h3SnCdCl.TMED 2 .5 5 0 .5 1 . 0 ? * 30 4 .5 0 .3 5 0 .6 5 30
P h3S n C d C l.b lp y 2 2 0 .2 7 0 .3 8 18 1 .5 0 .0 8 0 0 . 2 43 ,
Ph3S n H gC l.b ipy 6 8 0 . 8 1 .5 30 25 4 .0 0 .0 7 8
....> —
? ? *
n K
A ll  s o l u t i o n s  c o n ta in e d 'C a .  15 mg Et^N ClO ^. B ased  on m ass o f  m e ta l  d i s s o l v e d ;
o
. CO N> I
I
-1 3 3 -
TABIZ 7 .2 . *
£ 3  . . .
A n a ly t i c a l .  R e s u l t s  fo r^ h ^ S n M C l .T.'Gompoundsa
Compound SnC7.) A
(Z n .C d .H gX Z )
CIO*)
Ph3Sn2nCl.TMED .0 ) ■- . 11 „5.(1-1.5 ) , 6 .3 ( 6 .3 )
Ph-SnCdCLJ.TMED
<
1 9 .3 (1 9 .3 )  1 8 .3 (1 8 .3 ) 5 . 8 ( 5 . 8 )
Ph 3SnCdC1 .b ip y 1 8 .4 ( 1 8 .2 )  1 7 .2 (1 7 .1 ) 5 . 6 ( 5 . 4 #
*
• P h ^ n H ^ l.T M E D 1 7 .1 ( 1 6 .9 )  — 5 .2 ( 5 .0 )
. C a lc u la te d  v a lu e s  g iv e n  in  p a r e n t h e s e s .
s
' TABLE 7 .3
F a r  I n f r a r e d  S p e c t r a  o f  P h 3SnMCl.TMED Compounds
/-• - lx(x n  cm )
. M ^ (S n P h 3) S(M-C1) ^(M-N2) ^(Sn-M )
Zn 452 sh  
446 s 
435 sh
335 2 5 0 ,3 1 0 200
Cd 460 sh
450 s •
260 190 ,205 ^ 5 0  " .
Hg 45 3 ms 
445 sh
272 190 ,210 . 155
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TABLE 7 .4  
NMR S p e c t r a
Compound Me2N N-CH2-N P h e n y l ic
)
V TMED 1 .0 8  ( s ) 1 .1 5  ( S )
Ph^SnZnCl .TMED 2 .5 5  ( s ) 2 . 6 8  ( s ) / 7 .3 5  (m)
Ph^SnC dC l. TMED 2 .4 0  ( s ) 2 .5 3  ( s ) J  7 .2  (m)
Ph^SnHgCl.TMED 2 .8 0 3 .1  (s ) 7 .8  (m)
Run i n  CDCl^ s o lv e n t ;  R e p o r te d  i n  ppm (S) d o w n f ie ld  from  
i n t e r n a l  TMS
s  = S i n g l e t ,  m = m u l t i p l e t .
7 .6  R e s u l t s  and  D i s c u s s io n ‘
The e le c t r o c h e m ic a l  o x i d a t i o n  o f  2 i n c ,  cadmium o r  
m e rc u ry  i n  th e  p re s e n c e  o f  Ph^SnC l p ro v id e s  a  s im p le  c o n - 
v e n ie n t  p r e p a r a t i v e  r o u t e  t o  t h e . s y n t h e s i s  o f  th e  m e ta l - m e ta l  
.b o n d e d  p r o d u c ts  Ph^SnMCl w here  M = (Z n,C d,H g) .' The p e r c e n ­
ta g e  y i e l d s  (T a b le  7 .1 )  a r e  a d e q u a te ,  e x c e p t  t h a t  i n  th e  
c a se  o f  z in c  th e  y i e l d  a p p ro a c h e s  a lm o s t  t h e o r e t i c a l ,  and  in
g e n e r a l  a r e  s i m i l a r  t o ,  b u t  lo w e r  th a n  th o s e  r e p o r t e d  by
167D estom be, V an d erk e rk  and  N o l t e s . When e th y l z i n c  c h lo r id e  
r e a c t s  w i th  t r i p h e n y l t i n  h y d r id e ,  s e l e c t i v e  h y d r o s ta n n o ly s i s  
o f  th e  z in c - c a r b o n  bond o c c u r s  w i th  f o rm a t io n  o f  th e  c o r r e s ­
p o n d in g  ( t r i p h e n y l t i n )  z in c  c h lo r i d e  com plexes .
P h3SnH +  E tZ n C l.L  ------> P h ^ n Z n C l.L  +  E tH .
,(L  -  DME, TMED)
' The s c a l e  o f  th e  e le c t r o c h e m ic a l  e x p e r im e n ts  c o u ld  be  e a s i l y
in c r e a s e d  i £  l a r g e  q u a n t i t i e s  o f  p ro d u c t  a r e  d e s i r e d .
s '
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The c h e m is try  o f  th e  Sn-Z n bo n d ed  s p e c ie s  h a s  b e e n  
-d is c u s s e d  b y  th e  p r e v io u s  a u t h o r s , ^ 7 , 1 6 8  gome Sp e c t r o - . 
s c o p ic  in f o r m a t io n  isT a l s o  a v a i l a b l e  on th e s e  and  th e  r e l a t e d  
•cadmium com pound. ”
The p r e s e n t ^ s t u d i e s  add  b r i e f l y  t o  t h e s e  r e s u l t s .  The
*•
2 , 2 ' - b i p y r i d i n e  a d d u c t o f  Ph^SnCdCl i s  much l e s s  s t a b l e  a t -' 
room  te m p e ra tu re  even , u n d e r  n i t r o g e n  th a n  i s  th e  TMED a n a lo g u ^  
The d e c o m p o s itio n  p r o d u c t  h a s  cadmium 30.9% , c h lo r in e  .20.1% , 
c l o s e - t o  t h e  v a lu e s  f o r  C d C ^ b ip y  (Cadmium 32.9% ; c h lo r i n e  
2 0 .9 % ). I t  seem s - l i k e l y  t h a t  th e  d i f f e r e n c e  in  s t a b i l i t y  
%  b e tw ee n  th e  b ip y  and-TMED a d d u c ts  l i e s  i n  d i f f e r e n t  b i t e  o f
th e s e  two l i g a n d s , r e f l e c t i n g  th e  e x t r a  f l e x i b i l i t y  o f  th e  
l a t r e ^ r .
V i b r a t i o n a l  a n a l y s i s -
The f a r - i n f r a r e d  s p e c t r a  o f  th e  t h r e e  TMED a d d u c ts  hav e
b e e n  r e c o r d e d  i n  th e  r e g io n  500-50  cm The t e n t a t i v e  •
v i b r a t i o n  a s s ig n m e n ts  a r e  g iv e n  i n  T a b le  7 .3 .  The (SnPh^)
■ r e g io n  i s  a lm o s t  i n v a r i a n t  i n  t h e  t h r e e  s p e c t r a ,  show ing  o n ly
s l i g h t  d ep en d en ce  on M. The *?(M-C1) v i b r a t i o n  a r e  a s s ig n e d
b y  c o m p a riso n  w ith -  o th e r  h a l i d e s  o f  th e  g roup  IIB  e le m e n t s ,
and  th e ire  a r e  two o t h e r  m e ta l  d e p e n d e n t bands a s s ig n e d  to
• th e  com plex s t r e t c h i n g  modes o f  th e  M i m o ie ty .  The
N
re m a in in g  low  f re q u e n c y  b an d  i s  th e n  i d e n t i f i e d  a s  th e  Sn-M
-
s t r e t c h i n g  v i b r a t i o n ;  th e  f r e q u e n c ie s  a s s ig n e d  to  (Sn-Z n) and
• 166 
■^(Sn-Cd) a r e  c lo s e  t o  th o s e  r e p o r t e d  f o r m a s  in  S ^ Z n  and
S ^ C d  com pounds. ‘I t  i s  a l s o  w o r th  n o t in g  t h a t  th e  -^(Sn-Cd)
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f r e q u e n c ie s  i n  b o th  ty p e  o f  compounds a r e  c lo s e  t o  th e
et<
2 -
173v a lu e  f o r  th e  s t r e t c h i n g  mode o f  th e  i s o l e c t r o n i c
I n - I n  b o n d  in . I ^ C l g
P ro to n  NMR
. The ^HNMR s p e c t r a  o f  t h r e e  Fh^SnMCl .TMED- com pounds,
and  o f  TMED i t s e l f  i n  CDCl^ a r e  shown i n  T a b le  7 .4 .  The
f r e e  l ig a n d  sp e c tru m  'c o n s i s t s  o f  two s h a rp  s i n g l e t s  a t
S *  1 .0 8  (NMe2 ) 311 <3- 1-15  p p m 'fro m  TMS. The t h r e e
a d d u c ts  h a v e  m u l t i p l e t  r e s o n a n c e  a b s o r p t io n s  due to  p h e n y l i c
p ro to n s  o f  th e  Ph^Sn g roup  c e n te r e d  a t  a p p ro x im a te ly  7 .3 5
CZn) , 7 .2  (Cd) an d  7 .8  CHg) ppm.
The TMED re s o n a n c e  sh o w s, s u b s t a n t i a l  d o w n f ie ld  s h i f t s
on c o m p le x a tio n , w i t h  CCH0) re s o n a n c e s  a t  S *"2.68 (Zn) , 2.53* V  - z -.*v ■ .
^  CCd) an d  3 .1 0  (H g ), and  2 .8 0  (Hg) .
T hese  a b s o r p t io n s  a r e  a l l  s h a rp  s i n g l e t s ,  e x c e p t  t h a t  
th e  CH2 r e s o n a n c e  o f  th e  m erc u ry  shows a  r e p r o d u c e a b le  
a b s o r p t io n  a p p ro x im a te ly  0 .0 5  ppm d o w n f ie ld  o f  -the m ain  
r e s o n a n c e .  .
T h e re  i s  no o b v io u s  r e l a t i o n s h i p  b e tw e e n  th e  co m p lex a- 
- \ t i o n  s h i f t s  o f . TMED and  th e  p r o p e r t i e s  o f  th e  g roup  IIB  
m e ta ls  in v o lv e d ,  s i n c e  f o r  e a c h  r e s o n a n c e  th e  o r d e r  i s  
Cd<(Zn^Hg. I t  seem s p r o b a b le  t h a t  i n  a d d i t i o n  to  f a c t o r s  
su c h  a s  c h a rg e  d e n s i ty ,  th e  s i z e  o f  th e  m e ta l  may b e  in v o lv e d ,  
s i n c e  t h i^  w i l l  a f f e c t  th e  bond  a n g le s  ( a n d  h e n ce  re s o n a n c e  ' 
f r e q u e n c ie s )  i n  th e  N -C ^-C H ^-N  c h a in  o f  t h e  l ig a n d .  F u r th e r  
w ork  on t h i s  p o i n t  w o u ld 'b e  o f  i n t e r e s t .
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R e a c t io n  m echanism
/ .
As i n  o t h e r  e le c t r o c h e m ic a l  w o rk , th e  e f f i c i e n c y  o f  th e
r e a c t i o n  c an  b e  m e a su re d  i n  e l e c t r i c a l ,  a s  w e l l  a s  i n
c h e m ic a l te rm s .  F o llo w in g  n o rm al p r a c t i c e ,  th e  l o s s  o f  '
w e ig h t  o f  b o th  z in c  an d  cadmium e l e c t r o d e s  was m ea su re d  a t
c o n s t a n t  c u r r e n t  (20mA) o v e r  a  p e r io d  o f  2 h o u r s ; th e  c u r r e n t
e f f i c i e n c i e s  f o r  e a c h  s y s te m  was fo u n d - to  b e  0 .6 1  + 0 . 0 2
m ole  p e r  F a ra d a y . The e le c t r o c h e m ic a l  r e d u c t io n  o f  Ph^SnCl
a t  a  d ro p p in g  m e rc u ry  e l e c t r o d e  h as  b e e n  d i s c u s s e d  by D essy  . 
*73 174 175and  c o -w o rk e rs  ’ ~ who su g g es  t e d  t h a t  th e  p ro c e s s  i s  •
e i t h e r .
Ph3'SnCl ----- -------:— » Ph3 Sn* +  C l"   - (1)
/
o r
2Eh3Sn*  ^ P h 3SnSnPh3 ,   (2)
Ph3SnC l ----- —-------- > P h3 Sn" +-C1*   (3)
Ph3Sn" +  P h3SnCl ----- :----------- » P h3SnSnPh3 +  C l"______ (4)
R e a c t io n  (1 ) o r  (3 ) +  ( 4 ) ,  b o th  o f  w h ich  a r e  p o s s ib l e  i n  
e le c t r o c h e m ic a l  c o n d i t i o n s , g iv e  r i s e  t o  c h lo r id e  i o n s , w hose 
m ig r a t io n  to  th e  anode w o u ld  b e  fo l lo w e d , a c c o rd in g  to  
p r e v io u s  p o s t u l a t e s , by t h e  r e a c t i o n s
C l"  --------------- > C 1 ‘ +  e "     (5 )
C l '  + M  --------------»MC1   ( 6 )
an d  th e  r e a c t i o n  o f  M^Cl on th e  Ph3 SnC l- s u b s t r a t e  w ould  g iv e  
th e  p r im a ry  p r o d u c t ,
Ph3SnCl +  H^Cl ----------- * P h3SnMCl +  Cl _____ (7)
w here  M = Zn,C d,H g
^  . -
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w i th  a  c h a in  r e a c t i o n  se q u e n c e  o f  (.6 ) +  (7 ) th e n  e x p e c te d .
Such  s e q u e n c e s  h av e  b e e n  i d e n t i f i e d  b y  r e s u l t i n g
c u r r e n t  e f f i c i e n c i e s ,  w hich, a r e  g r e a t e r  th a n  u n i t y  and
53som etim es c o n s id e r a b ly  s o .  _ I n  th e  p r e s e n t  c a s e ,  th e  
c u r r e n t  e f f i c i e n c y  o b v io u s ly  do es n o t  d e m o n s tra te  su c h  
r e a c t i o n s ,  d e s p i t e  th e  e a r l i e r  e v id e n c e ^ " *  a s  to  th e
*v
c a th o d e  r e a c t i o n s .
I t  a l s o  s u g g e s ts  t h a t  c h lo r i n e  atom s g e n e r a te d  i n  (5) 
may r e a c t  w i th  Ph^SnCl to  g iv e  P h ^ S n C ^  o r  Ph^Sn" +  C ^ ,  
an d  so  rem ove c h lo r in e  fro m  th e  sy s te m  m ore e f f i c i e n t l y  
th a n  b y  a t t a c k  on th e  a n o d e . The f a c t  t h a t  th e  c u r r e n t  
e f f i c i e n c i e s  a r e  i d e n t i c a l  f o r  tw o d i f f e r e n t  m e ta ls  p o i n t s  
to  some m e ta l  in d e p e n d e n t p r o c e s s  b e in g  r e s p o n s i b l e  f o r  
th e  lo w e r in g  o f  c u r r e n t  e f f i c i e n c y  b e lo w  t h a t  o b s e rv e d  i n '  
o th e rw iise  f o r m a l ly  s i m i l a r  s y s te m s .
7 .7  Cone-1 us io n
The d i r e c t  e le c t r o c h e m ic a l  s y n th e s i s ,  o f  m e t a l - m e t a l „ 
b o n d ed  compounds d e s c r ib e d  i n  t h i s  c h a p te r  i s  o n e .o f  t&e 
e a s i e s t ,  s im p le s t  and  m o st c o n v e n ie n t ,  and  can  b e  p e rfo rm e d  
a t  ro o m - te m p e ra tu re .  T h is  s u g g e s t s  t h a t  i t  h a s  many ad v an ­
ta g e s  o v e r  t h e  o t h e r  ^ co m m en d ed  c o n v e n t io n a l  m e th o d s , i n -  
w h ic h  one h a s  to  u se  a p p a r a tu s  su c h  a s  h ig h  vacuum  l i n e ,  
an d  S c h le n k  a p p a r a tu s  to  h a n d le  a i r  s e n s i t i v e  s t a r t i n g  ^  
m a t e r i a l s  l i k e  d i a l k y l z i n c ,  d i a l k y l  cadmium o r  d ia lk y  Im erc u ry
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CHAPTER V I I I
8  T '.THE DISECT ELECTROCHEMICAL SYNTHESIS OF GROUP IIB  
—  — :------- ;----------W fM HSi^YtAKt& Sg---------- :------r— —
The m e t a l , d la lk y la m id .e s  MCNB^x a r e  o f  s p e c i a l  i n t e r e s t
i n  t h a t  t h e y . c o n t a i n  c o v a le n t  m e t a l - n i t r o g e n  bonds an d  s o  ^
  93
occupy  a  p o s i t i o n  b e tw een  m e ta l  a lk o x id e s  and  m e ta l  a l k y l s .
Due t o  th e  r e a c t i v i t y  o f  m e ta l - d ia lk y la m id o  b o n d s , th e  
compounds h a v e  c o n s id e r a b le  v e r s a t i l i t y  a s  s y n t h e t i c  
r e a g e n t s .
F o r  c o v a l e n t l y  bonded  d ia lk y la m id o  g r o u p s , t h e r e  a r e  
t h r e e  s e p a r a t e  p o s s i b l e  s t r u c t u r e s  •
HIT R,
N M \  \  +
A - . / N = M
R r  X M 2
<
x  .• - I  m
' - . I P '  s 1 ■
S t r u c t u r e  ( I )  i n v o lv e s  a  m e t a l - n i t r o g e n  sigm a bond  w i t h  a  
p y ra m id a l  n i t r o g e n  c o n ta in in g  a  .b a s i c  lo n e  p a i r  o f  e l e c t r o n s . 
I f  s t e r i c  f a c t o r s  a l lo w , t h i s  lo n e  p a i r  may d o n a te  to  
a n o th e r  m e ta l ,  g iv in g  r i s e  t o  a  d i a lk y  lam i do b r id g e  . . ( I I )  .
I f  b r id g in g  i s  p r e c lu d e d  by  s t e r i c  f a c t o r s , th e ' n i t r o g e n  lo n e  
p a i r  may e n g ag e  i n  b o n d in g  g iv in g  th e  t r i g o n a l  p l a n a r  9
n i t r o g e n  a s  shown i n  s t r u c t u r e  ( I I I )  .
cv-.
. —      .
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8 .2  The P r e p a r a t i o n  o f  M e ta l D ialkfrhA m ides
, T h ere  a r e  t h r e e  m ain  p r e p a r a t i v e  p r o c e d u r e s  f o r  s y n - '
X76t h e s i z i h g  m e ta l  d i a lk y la m id e s .
%
( i )  By t r e a t i n g  th e  m e ta l  h y d r id e  w i th  a  s e c o n d a ry  
a m in e . - '  'V
m x  + :KR2m  ------------- * M(NR2^x  +  = 2 -
( i i )  By th e  r e a c t i o n  b e tw ee n  th e  m e ta l, a lk y  I  van d .
s e c o n d a ry  am in e .
MS^ +  XB^NH ---------■---- > +  XBH.
- < i i i )  By th e  r e a c t i o n  o f  a  m e ta l  h a l i d e  ( u s u a l ly -  th e  
c h lo r i d e )  w i th  an  a l k a l i  m e ta l  ( L i  o r  N a )d ia lk y la m id e  *
MC1X +  xL iN I^ --------------- > H(NR2) x +  X L iC l.
8 . 3 -  P r e s e n t  w ork
T h is  c h a p t e r ^ g a l s  w i th  th e  e le c t r o c h e m ic a l  o x id a t io n  
b ’jc g ro u p  I  IB m e ta ls  (Z n , Cd o r  Hg) i n  th e  p r e s e n c e  o f  
s e c o n d a ry  am ine to  p ro d u c e d  m e ta l  d i a lk y l a m id e s , w h ich  w ere  
i s o l a t e d  a s  the  a d d u c t  o f  a  b i d e n t a t e  l i g a n d  p r e s e h t  i n  t h e
s o l v e n t  p h a s e .
C H o C N / E t / N C 1 0 .  f-n u  v  r
R,NH + M - 2 - -------4
2 , 25? ? b ip y r id in e
R^N = ( N (Me2CH)2N, (He3S i ) 2N.
8 .4  L i t e r a t u r e  S u rv ey
(a )  R e a c t io n  o f  K-H w i th  s e c o n d a ry  am ine 
D e r iv a t iv e s  o f  alum inum  h y d r id e  w ere  u s e d  by  R u ff^ "^  to
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p r e p a r e  a lim in u m ■ d ia lk y la m id e s
LiA lH 4  +  4Me'2NH ----------   >L iA l(N M e2 ) 4  +  4H2 *
3LiAlCNMe2 ) 4  +  A1C13 — :------- > 2A l2 (NMe2)g  +  3L1C1.
AIH3 (NMe3) ' +  3 i P r 2NH —  A l O ^ P r ^  +  Me3N +  3Hr
-  ' -  *
(b ) R e a c tio n  o f  m e ta - la lk y ls  w i th  s e c o n d a ry  am ines
The r e a c t i o n  .betw een  d i e t h y l z i n c  an d  d ie th ly a m in e  was
178 .• - .r e p o r t e d  b y  P ra n k la n d  i n  1867 , b u t  th e  c h e m is try  o f  z in c -
*•
n i t r o g e n  d e r i v a t i v e s  r e c e iv e d  n o  f u r t h e r . a t t e n t i o n  u n t i l .
1965, when w e l l  d e f in e d  o rg a n o z in c  am ides R2nNR*2 (R and  R1
a l k y l  o r  a r y l  g ro u p ) .w ere p r e p a r e d  b y  c o n t r o l l e d  a c i d o l y s i s
179o f  d io r g a n iz in c s  w i th  s e c o n d a ry  a m in e s . C o a te s  and
i g n
R id le y  h a v e  r e p o r t e d  th e  f o rm a t io n  o f  b i s  C d in ie th y lam in o )-
z in c [ (M e 2N>2Z n]x  on r e a c t i o n  o f  d im e th y lz in c  w i th  d im e th y l-
181am ine. C o a te s  and  G lo c k lin g  h a v e  a l s o  r e p o r t e d  th e  
f o rm a t io n  o f  b is C d im e th y la m in o )b e ry ll iu m  by  th e  r e a c t i o n  o f ' 
d i me th y  lb .e ry  I l iu m  w i th  s e c o n d a ry  a m in e s ...
Me
BeMe2 +  (  ^  Be(NMe2) 2 +  MeR.
Mb '.
On th e  b a s i s  o f  m o le c u la r  w e ig h t  r e s u l t s ,  th e y  p r e d i c t e d  •_ 
th e  s t r u c t u r e  t o  b e  th e  c y c l i c ,  t r im e r s  Be3 (NMe2) g .
Cc) - R e a c t io n  o f  M e ta l C h lo r id e  w i th  a n - a l k a l i  m e ta l  
(L i o r  Ha) d ia lk y la m x d e  ' T-
By th e  r e a c t i o n  o f  so d iu m  b i s  ( t r im e th y l s i ly l ) .a m id e
*
182w i t h  ZnC l2 , C d l2 and  HgBr2 r e s p e c t i v e l y ,  th e  m onom eric , 
v o l a t i l e "  s i ly la m id e s  M[NCSiMe3 ) 2 ] 2 (M\= Z n, Cd, Hg) a re
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formed. In frared  and Raman r e s u lt s  y ie ld e d  force  constants
which show th a t the M-N bond i s  a cova len t s in g le  bond.
K .^ J .  F i s c h e r ^ ^  h a s  r e p o r t e d  t h a t  Co[N(SiM e3 ) 2J 2 ,
an d  Zn[NCSiMe3 >2 32 ' can  Pr e Pare<* b y  . th e  r e a c t i o n  o f  th e
'anhydrous m etal h a lid es  CoBr2 and ZnCl2 w ith  hexam ethyl-
d i s i l y l a m i n o l i t h i u m .  They a l s o " i n v e s t i g a t e d  th e  r e a c t i o n s
o f  p y r i d in e  an d  s u b s t i t u t e d  p y r i d in e  w i th  Co[NCSiMe3) 2.]2 ,an d
th e  z in c  a n a lo g u e .
'S i m i l a r l y  b i s [ d iC t r im e th y l s i ly lC a m in o jb e r y I l iu m  h a d
b e e n  p re p a re d ^ ® ^  a s  a  monomer i n 'o r g a n i c  s o l v e n t s ;  t h i s
s p e c i e s  fo rm s no  a d d u c ts  ev en  w i th  s t r o n g  co m p lex in g  a g e n t s .
L a p p e r t  an d  H a r r i s  h av e  r e p o r t e d  th e  s y n th e s i s  o f  m onom eric ,
185v o l a t i l e  b i v a l e n t  am ides o f  g roup  IVB e le m e n ts .  The 
r e a c t i o n  o f  MC12 (M = Sn o r  Pb) o r  GeCl2 • d io x a h e  w ith . 
L iN (SiM e3 ) 2OEt2  o f  LiN (SiM e3) CCM e^OEt^, i n  E t20 a t  0° g iv e s
y e llo w  c r y s t a l l i n e  MCNR' 2 ) 2 = Sn o r  P b ; R* = Me3 S i ) ,
2 2 * • o r  o ra n g e  to  r e d  l i q u i d s  CMCNB.’R ) 2 CR 53 Me3 C) i n  h ig h  •
y i e l d  a t  a m b ie n t tem p era^ in re ! S i m i l a r ly  L a p p e r t  e t  a l .  h av e
r e p o r t e d  th e  p r e p a r a t i o n  o f  th e  t r i v a l e n t  s i l i c o n ,  germ anium
an d  t i n  s p e c i e s ^ ^ ^ ’ M[NCSiMe3 ) 2 ] 3 CM = Ge o r  Sn) an d  th e
i s o e l e c t r o n i c  M* [CHCSiMe3 ) 2 33 ^  = ^  o r  -Sn) .  T hese
compounds w ere  o b ta in e d  b y  p h o to c h e m ic a l  d i s p r o p o r t i o n a t i o n
u s in g  m e ta l  CH ) h a l i d e  p r e c u r s o r s
2LiNCSiMe, ) 9 ' r  '
MC1 2  ------------------------ H|NCSiMe.2)
w here  M = Ge, Sn.
h  ^  [CMe3S i ) 2N ]3M-
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The compounds [(M e^S i) 2 ^ 2^ !  CM =■ P o r 'A s )  w e re  p r e p a r e d
b y  r e a c t i o n s  b e tw ee n  the- e le m e n t t r i c h l o r i d e s  and  (M e ^ S i^ N L i- 
IS  8xn e t h e r .
The f i r s t  t r a n s i t i o n  m e ta il’ d e r i v a t i v e  s y n t h e s i s e d  was
T iE N C C gH ^^l^ , w h ich  w a s - p r e p a r e d ' f r o p  T iC l^  and  p o ta s s iu m -  
189d ip h e n y  la m id e . . The o n ly  u ra n iu m  d e r i v a t i v e  p re p a re d -  i s
U (N E t^ )^ , w h ich  was o b ta in e d  from  UCl^' and  l i t h i u m d i e t h y l a -
m i d e . ^ ^  I n  r e c e n t  y e r a s  t e t r a d i a l k y l a m i d e s  .o f  t i t a n i u m ,
TQ? ' 19? 195 194. ■ 195v an ad iu m , chrom ium , ’ z ir c o n iu m , n io b iu m ,
v
196 197 195h a fn iu m , th o r iu m , p e n ta d i  a l k y l  am ides o f  n io b iu m
198 ' " 199an d  ta n ta lu m ,  and  th e  hexadim e. th y  lam i de o f  tu n g s te n  v
' *»
h a v e  a l l  o b ta in e d  by  means o f  m e ta l  c h l o r i d e / l i t h i u m -  ^
d i a lk y  la m id e  r e a c t i o n .  B u rg e r  and W a n n a g o t^ ^  h av e
p r e p a r e d  a  num ber o f  i n t e r e s t i n g  b i s C t r im e th y l s i l y l ) a m id o
d e r i v a t i v e s  M [N(SiM eg)2 l x  u s in g ,  th e  r e a c t i o n  o f  th e  sod ium
d e r i v a t i v e  N aN C S iM ^^  w i th  m e ta l  h a l i d e s .  T h u s , th e  t r i s
d e r i v a t i v e s  o f  c h r o m i u m ^ ^ ^ ^  and  i r o n ^ ^ ^ ^ ; ,  th e  b i s
d e r i v a t i v e s  o f  m a n g a n e s e ^ ^ ^ ^ ^  and  c o b a l t ^ ^ ^ ^  , end
n i c k e l ^ ^ ^ ^  w ere  i s o l a t e d  by  g e n e r a l  m ethod :
- ■ MXx  +  xNaN(-SiMe3 ) 2 ----------------------- :----> MCNCSiMep^]^. +  NaCl
The new compounds M[N(SiMe3 ) 2 ^  M = L a , E r ,  Sm, .Eu Gd, Lu) .
h a v e  b e e n  i s o l a t e d  by  th e  r e a c t i o n  o f  LiNCSiM e^)2 ^w ith
l a n t h a n i d e s ^ ^ c h l o r i d e  i n  THF, n - p e n ta n e  o r -  i n  e t h e r  
202  .s o l u t i o n .
6.
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(d) By d ir e c t  rea c tio n  o f  m etal w ith  secondary a-mine
I n  a d d i t i o n  to  tha^  t h r e e  m ain  p r e p a r a t i v e  m ethods
m e n tio n e d  a b o v e , a  n o v e l  m ethod  h a s  r e c e n t l y  b e e n  r e p o r t e d
203b y  A shby an d  K ovar f o r  th e  s y n t h e s i s  o f  alum inum
^  t r i s  d ie th y la m id e  and  d ie th y la m in o a la n e s .
» ’
A1 + |h 2 + nEt2NH ----- > H ^ ^ A l C N E t ^ .+ nH^
n.** 1 , 2 , 3  •
The r e a c t i o n  was c a r r i e d  o u t  a t  m o d e ra te  te m p e ra tu re  and  
p r e s s u r e  i n  b e n z e n e  s o l u t i o n .  A 91% y i e l d  o f  A lC N E t^ ^  was 
o b ta in e d  u s in g  d i  e t h y l  am ine as a  s o lv e n t  a t  15.0° u n d e r  3000 
p s i g  o f  h y d ro g e n  f o r  4 h o u r s .  T h is  d i r e c t  s y n th e s i s  o f  
a lu m in iu m  d ie th y la m id e  from  th e  m e ta l  may w e l l  h av e  
■ c o m m erc ia l a p p l i c a t i o n .
8 .5  E x p e r im e n ta l
I n  g enera l"  th e  e l e c t r o c h e m ic a l  s y n t h e s i s  o f  some g roup  
IIB  m e ta l  d ia lk y la m id e s  w e re  c a r r i e d  o u t  i n  th e  H -fo rm  c e l l  
'B ' ‘(F ig *  2 . 2 ) .  The d e t a i l e d  d e s c r i p t i o n  o f  th e  c e l l  h a s  
b e e n  - a l r e a d y  g iv e n  i n  C h a p te r  I I  o f  t h i s  d i s s e r t a t i o n .
-.Zinc (m5N) and  cadmium (jn4N) (A lfa  I n o r g a n ic s )  w ere  
u s e d  a s  a n o d ic  p l a t e s  a f t e r  m e c h a n ic a l ly  f l a t t e n i n g  th e  
m e ta l  t o  g iv e  s h e e t s  o f  a p p ro x im a te  s i z e  2 x  0 .5  x  0 .2cm.  
M ercu ry  was t r i p l e  d i s t i l l e d  (E n g e lh a rd  I n d u s t r i e s  o f  C anada 
L t d . ) ;  a  p o o l  o f  m e rc u ry  i n  th e  b o tto m  o f  th e  c e l l  was 
the_ ano d e .
I s o p ro p y la m in e ,  2 , 2 , 6 , 6 , - t e t r a m e t h y l p i p e r i d i n e  a n d  
1 ,1 ,1 ,3 ,3 ,3 , - h e x a m e t h y l d i s i l a z a n e  w ere  u s e d  a s  s u p p l i e d . .
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N ,N ,N ' ,N ' - t e t r a m e th y le th y le n e d ia m in e  and  a c e o n i t r i l e  w ere  
d r i e d  a s  d e s c r ib e d  i n  C h a p te r  I I .
S o lu t io n  C o m p o sitio n
3The s o l u t i o n  p h a se  c o n s i s t e d  o f  a p p ro x im a te ly ; 3-4cm  
s e c o n d a ry  gm ine i n  a c e t o n i t r i l e  t o g e t h e r  w i th  -same n e u t r a l  
b i d e n t a t e  d o n o r l ig a n d ..  I n  e a c h  s e t  o f  e l e c t r o c h em ic a l  
e x p e r im e n ts  Et^NClO^ (1 0 “ 20mgl w as u s e d  to  en h an ce  th e  
c o n d u c t iv i t y  o f  th e  s o l u t i o n .  The s o l u t i o n  c o m p o s it io n  and  
e l e c t r i c a l  c o n d i t io n s  a r e  g iv e n  i n  T a b le  8 .1 .  The e l e c t r o ­
c h e m ic a l s o l u t i o n  was d e g a s s e d  to  e x c lu d e  . m o is tu r e  an d  
a i r  from  th e  r e a c t i o n  m e d ia . A l l  s u b s e q u e n t  e x p e r im e n ta l  
o p e r a t io n s  w ere  .p e rfo rm e d  u n d e r  n i t r o g e n  i n  a  d ry  b o x .
I s o l a t i o n  o f  p r o d u c t  ' , '
A f t e r  th e  e l e c t r o l y s i s ,  t h e  e le c t r o c h e m ic a l  s o l u t i o n  
was f i l t e r e d  th r o u g h  a  c o a r s e  s i n t e r e d  c r u c i b l e  to  rem ove 
any  a n o id i c  m e ta l  p a r t i c l e s  fo rm ed  b y  d i s i n t e g r a t i o n  d u r in g  
th e  e l e c t r o l y s i s .I *
I n  c a s e  o f  2 ,2 ', - b 'i p y r id in e  a d d u c ts  o f  g roup  IIB  d i a l ­
k y la m id e s  , t h e  s o l u t i o n  r e s u l t i n g  from  th e  e le c t r o c h e m ic a l  
' o x id a t io n  was t r e a t e d  d ro p w ise  w i th  d i e t h y l  e t h e r .  The 
c o lo u re d  p r e c i p i t a t e  w h ich  fo rm ed  w as w ashed  s e v e r a l  t im e s  
w i t h  b e n z e n e  to  rem ove e x c e s s  2 , 2 *- b i p y r i d i n e  and  th e n  d r i e d  
i n  v a c u o .
B i s ( h e x a m e th y ld i s i l y l a m in o ) m e ta l^  was i s o l a t e d  a s  a  
w h i te  p r o d u c t  by  rem ov ing  th e  s o l v e n t  and  e x c e s s  l ig a n d  
fro m  th e  e le c t r o c h e m ic a l  s o l u t i o n  i n  v a c u o .
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8 . 6  P r e p a r a t i v e  C h e m is try  ■ '.
(a.) S I e c t r o c h  em ica  1 p re p  a r a t i o n  o£ 2 , 2 l - b i p y r i d i n e
a d d u c t o f  b is(iso p ro p y lg m T r> o ) z in c  " -
E le c t r o c h e m ic a l  o x i d a t i o n  o f  z in c  m e ta l  i n  a  s o l u t i o n  .
3 3c o n ta in in g  5cm o f  i s  © p ro p y lam in e , 9cm a c e t o n i t r i l e ,  0 .9 g
2 , 2 ’ - b i p y r i d i n e  an d  a  few  mg o f  Et^NClO^ was c a r r i e d  o u t
f o r  5 h o u rs  u s in g  an i n i t i a l  v o l ta g e -  o f  40 v o l t s  a n d  a
c u r r e n t  o f  30mA. The r e a c t i o n  m ix tu re  was- th e n  f i l t e r e d ;
a  g r e e n i s h  y e l lo w  p r o d u c t  was p r e c i p i t a t e d  from  th e  f i l t r a t e
b y  s u b s e q u e n t  s lo w  a d d i t i o n  o f  d i e t h y l  e t h e r .  The m a t e r i a l
was w ashed  s e v e r a l  t im e s  w i th  p e t  e t h e r / d i e t h y l  e t h e r ,
d r i e d  i n  v acu o  and  a n a ly s e d  (T a b le  8 . 2) .
Cb) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  2 ,2 * - b i p y r id i n e  
a d d u c t  of~ b is ( i s o p r o p y la m in o )  carfcni urn
E le c t r o c h e m ic a l  o x id a t io n  o f  cadmium^ anode i n  a
3 3s o l u t i o n  m ix tu re  c o n s i s t i n g  o f  5cm is o p ro p y la m in e ,  10cm
a c e t o n i t r i l e , -  0 .8 5 g  2 , 2 ' - b i p y r i d i n e  an d  a  few  mg o f  E t^N C lO ^,
was c a r r i e d  o u t  u n d e r  c o n d i t io n  s t a t e d  i n  T a b le  8 .1 .  The
i s o l a t i o n  and  s u b s e q u e n t  t r e a tm e n t  o f  p r o d u c t  w e re  , a s  f o r
a n a lo g o u s  b i s ( i s o p r o p y l a m i n o ) z i n c . b i p y .
(c )  E le c t r o c h e m ic a l  p r e p a r a t i o n  of^ 2 .2 * -b ip y r id i-n e  
a d d u c t o f  b i s  (2  , 2', 6 , 6 - t e t r a m e th y lp x p e r x d in o )  z in c
When z in c  m e ta l  (a n o d e ) , was e l e c t r o l y z e d  i n  a  s o l u t i o n
3 3c o n s i s t i n g  o f  3 . 5 cm 2 , 2 , 6 , 6 - t e t r a m e t h y l p i p e r i d i n e ,  8 cm
a c e t o n i t r i l e ,  0 . 8 g o f ’2 , 2 ’ - b i p y r i d i n e  and  a  few mg o f  Et^_NC1 0 ^ ,
a  v i o l e t  c o lo u r a t i o n  fo rm ed  a t  th e  c a th o d e .  T h is  c o lo u re d
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s p e c i e s  m ig r a te d  to  t h e  a n o d e , w here  th e  c o lo u r-w a s  imme­
d i a t e l y  d i s s i p a t e d .  A f t e r  th e  e l e c t r o l y s i s ,  t h e  ■ 're a c tio n  
m ix tu r e  was f i l t e r e d  and  t r e a t e d  d ro p w ise  w i th  d i e t h y l  e t h e r .  
The g r e e n i s h  y e l lo w  p r e c i p i t a t e  w h ic h  fo rm ed  was w ashed  
s e v e r a l  t im e s  w i th  d i e t h y l  e t h e r  an d  .d r ie d  i n  v a c u o .
(d ) E le c t r o c h e m ic a l  p r e p a r a t i o n  o f  2 .2  * - b i p y r i d i n e  
a d d u c t o f  b x s ( 2 , 2 , 6 , 6 -~ te t r a m e th y lp ip e r id in o )  cadmium.
3A s o l u t i o n  m ix tu re  c o n s i s t i n g  o f  3 .5cm  2 , 2 , 6 , 6 - t e t r a -
3m e t h y l p i p e r i d i n e , 8cm • o f  a c e t o n i t r i l e  c o n ta in in g  0 . 8g 
2 ,2 * - b i p y r i d i n e  and  15mg o f  E t^N Br was e l e c t r o l y s e d  f o r  
6 h o u rs ,-  u s in g  a  c u r r e n t  o f  25mA and  40 v o l t s .  A f t e r  th e  
e l e c t r o l y s i s  a  g r e e n i s h  y e l lo w  p r o d u c t  was i s o l a t e d ,  d r i e d  
an d  a n a ly s e d  f o r  cadmium. ■
(e )  E le c t r o  c h e m ic a l p re p  R a t i o n  o f  2 ,2 '  - b i p y r id r n e  
a d d u c t o f  b i s ( 2 , 2 , 6 , 6 - 1 e t r a m e th y lp ip e r ld in o ) m e r c u r y
E e lc t r o c h e m ic a l  p r e p a r a t i o n  w as done i n  an H -sh ap ed
C e l l  B ( F ig .  2 .2 )  ; a  p o o l  o f  m e rc u ry  i n  th e  b o tto m  o f  th e
c e l l  w as t h e  a n o d e , w i th  a  tu n g s te n  w ir e  f u s e d  i n t o  th e
s i d e  arm  a c t i n g  as th e  c a th o d e ,  f h e  s o l u t i o n  m ix tu re  as
d e s c r ib e d  i n  T a b le  8 .1  was d e g a s s e d , f lu s h e d  w i th  d ry  n i t r o g e n ,
an d  th e n  d e c a n te d  i n t o  th e  o t h e r  arm . A f t e r  5 h o u rs  o f
e l e c t r o l y s i s ,  th e  e l e c t r o c h e m i c a l 's o l u t i o n  was p i p e t t e d  o u t
and  th e n  t r e a t e d  w i th  d i e t h y l  e t h e r  s lo w ly  t o  i s o l a t e  th e
p r o d u c t ,  w h ic h  was d r i e d  i n  v acu o  a n d  a n a ly s e d  (T a b le  8 .2 )  .
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( f )  E le c t r o c h e m ic a l  - p r e p a r a t io n  o f  b is C h e y f l-m e th y ld is i l-  
• y la m in o )z in c  ' “
E le c t r o c h e m ic a l  o x id a t io n  o f  z in c  anode i n  a. s o l u t i o n
3 - 3c o n s i s t i n g  o f  4cm 1 , 1 . 1 , 3 , 3 ,  3 - h e x a m e th y ld is i l a z a n e ,  8 cm
3
o f  a c e t o n i t r i l e ,  2cm N ,N ,N f , N^’ - t e t r a m e th y le th y le n e d ia m in e  
a n d  a  few  mg o f  Et^NClO^ was c a r r i e d  o u t  f o r  5 h o u r s , u s in g  
an i n i t i a l  v o l t a g e  40V and  a  c u r r e n t  o f  25mA a t  low  te m p e ra ­
t u r e  10°C . T heu-.reaction  m ix tu re  was th e n  f i l t e r e d  t o  rem ove 
th e  d i s i n t e g r a t e d  z in c  p a r t i c l e s .  The s o lv e n t  and  u n r e a c te d  
TMED was rem oved i n  vacuo  l e a v in g  a  w h i te  s o l i d ,  w h ich  i s '  
h ig h ly  u n s t a b le  an d  m e l te d  i n t o  l i g h t  y e l lo w  l i q u i d  ev en  a t  
room  te m p e r a tu r e .
Cg) E l e c t r o c h e m i c a l 'p r e p a r a t i o n  o f  b i s Q ie x a m e th y ld i s i l -  
y la m in o )  cadmium :
Cadmium was o x id iz e d  e l e c t r o c h e m ic a l l y  i n  a  s o T u t id k
3 3c o n ta in in g  40cm 1 , 1 , 1 , 3 , 3 , 3 - h e x a m e th y ld i s i l a z a n e , 8 .0cm .
3a c e t o n i t r i l e ,  2cm TMED and  a  few  mg o f  E t^N ClO ^, k e e p in g  
th e  s o l u t i o n  te m p e r a tu re  a t  10°C f o r  5. h o u r s . A f t e r  th e  
e l e c t r o l y s i s ,  a  w h i te  u n s t a b le  p r o d u c t  i s  o b ta in e d  on  
rem ov ing  th e  s o lv e n t  and  u n r e a c te d  TMED in " v a c u o . T h is  
s o l i d  shows s o l u b i l i t y  i n  a  w id e  v a r i e t y  o f  o r g a n ic  s o lv e n ts - , 
I t  i s  h i g h ly  u n s t a b l e  an d  decom posed im m e d ia te ly  i n  p r o -  
t o n a t e d  s o l v e n t s .
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TABLE 8 .1
I IREACTION CONDITIONS FOR DIRECT ELECTROCHEMICAL SYNTHESIS OF METAL AMIDES
Compound a V o l. o f  Sec am ine V o l. o f  a c e t o n i t r i l e  V o lta g e  I n i t i a l
c u r r e n t  
(mA) /
/■• 3S (cm ) /  3n ( cm ) (V)
Time
(hre)
|(M e2CH)2 N]2 Z n .b ip y  5 .0
j(Me2 CH)2 N j2 C d .b ip y  5 .0
N J^ nbip/
( < 3 ^
[(Me S l ) 2 n | 2Zn 
J(Me  ^S i ) 2Njcd
'3 .5
3 .5
4 .0
4 .0
4 .0
10
8
\
<&'
8 . 0  b
8 . 0  b
40
40
30
30
40
40
40
a » l5mg o f  Et^NClO^ added  in  each  e x p e r im e n t,
b » 4cnT* o f  TMED was u se d  in  e ac h  e x p e r im e n t . 
c ~ n o t  r e c o r d e d .
30
30
25
25
’25
25
25
5
5
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bl
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TABLE. 8 .2
I IM e ta l A n a ly s is  o f  M e ta l Am ides
Compound
[ (Me2 CH)2N ]Z n -b ip y
[(M e2 CH)2 N ]C d .b ip *
Zn b ip y '
A n a ly s is  ( f o u n d ( c a lc d )  (%) )
1 5 .0 1
(1 5 .4 9 )
2 3 .4 6  
(2 3 .9 6 )
18 .25
(1 8 .0 6 )
Cd b ip y
S g b ip y -
[ ( M e ^ D ^ Z n
2 7 .6 3
(2 7 .4 9 )
4 1 .2 .
(4 0 .3 5 )
1 7 .1 2
(1 6 .9 2 )
[(M e^ S i^ N ^ C d 2 6 .3 4  
(25 .94)
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TABLE 8 .3
I n f r a r e d  d a t a  f o r  some 2 , 2 ' - b i p y r i d i n e  a d d u c t  o f  a l k y l -
am ide
Compound A b s o rp tio n  i n  cm” 1
[ (Me 2CH) 2^  ] 2 Zn • b ip y 410(w) , 4 8 0 ( s t )  (*^asZnN«) ,
620 (m ), 650 (m ), 720 (m ),
76 0 (m) , 1010(m) , 1090( s t ) , . 
- 1150 (m) , 1 5 9 5 ( s t )  * -^(C -C )
[(M e2 CH) ] 2 C d .b ip y 410 (m) , 455 (w) C?asCdN9) , ~ 
620 (nO , 730 (m ), 7 7 0 (m f, 
lO lO (m ), 1 0 5 0 (m) , 1 5 9 0 ( s t )  ,
( r ^ 2\I /  N j Z n .b ip y
^ 2  ?
390(w ), 410 (w ), 485 ( s t )  
5as(Z nN 9) ,  670(m) , 7 20 (m) ,
765 (m) , 1090(m) , 1580(a)^ (C=C)
N 1 C d .b ip y
C
410 (w) . 4 6 5 ( s t .b r o a d )
5 a s  CdN9) , 620 (m ), 665 (ni) ; 
7 3 0 ( s t ) , 7 6 0 (m ), 1040 (m) , '  
-1085 (m) , 1150(m) , 1580 (m*
lte2 \ '  390 (w) , 4 1 0 ( s h ) ,  4 5 5 ( s t )
(oJasHgN9) , 620 (m) , 660 (m) ,
N J H g.bxpy 7 5 0 ( s t ) 7 7 9 0 ( s t )  , 1 0 9 0 ( s t ) ,
1590(isW C =C )
>5*2' 2
m = medium, s = s t r o n g ,  v . s .'=■ v e ry  s t r o n g , w = weak
.   •  ■  ________________________
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 8 .4
I n f r a r e d  s p e c t r a  o f  b is ( h e x a 3n e th .y ld is i ly la m in o ) M ^  
r e c o r d e d  '.in- C s l
C(Me3S i)  2N ]2Zn C(Me3S i ) 2N]2 Cd A ssig n m en t
2 7 5 § ' 260 (w) S a s (S iC 3)
290 ( id ) -2 9 5 0 ?) ? (S iC 3)
3 70.(b ro a d ) 330 (b ro a d )
.
440 (m) 410 (m) ^as(M N 2)
530 (b ro a d ) —
615 (m) - 615 (m) *^(SiC3)
6 7 5 ( s t ) 670 ( s t ) ^CSiC3)
’ 750 (ml.. 7 4 5 ( s t )
835 (m) 8 3 0 ( s t )
. 945 ( v . s t ) 9 3 0 ( v .s r ) ^ a s ( N S i2)
1257 (m ) 1240( s t ) s s ( ch3)
1265 (m) 1 2 5 5 ( s t ) -
1440 (w) 1445 (cO • Sas(CH 3)
2900 (m) 2910(m) ^as(C H 3)
■m = m edium , s . t  = s t r o n g ,  v . s t - very" s t r o n g ,  w = w eak
\
-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 8 ,5
XH NMR S p e c t r a  o f  MI I I.CNCSLMe3) £  2
Compound SiCH3
ZnlN (SiM e3 ) 2J 2 0 . 0 0
Cd£N(SiMe3 ) 2] 2 -Q .01
8 .7  R e s u l t s  and  D is c u s s io n  -
The te c h n iq u e s  w h ich  a r e  d i s c u s s e d  i n  th e  p re v io u s  
c h a p te r s  on t h e  d i r e c t  e le c t r o c h e m ic a l  s y n t h e s i s  o f  o rg a n o -  
m e ta l  h a l i d e s  w ere  s u c c e s s f u l l y  a n d  c o n v e n ie n t ly  u t i l i z e d  
i n  th e  e le c t r o c h e m ic a l  s y n t h e s i s  o f  some m e ta l - n i t r o g e n  
c o v a l e n t ly  b o n d ed  p r o d u c t s .  The p r e s e n t  s t u d i e s  show t h a t  
i t  i s  a l s o  p o s s i b l e  to  s y n th e s i z e  t h e s e  QOmpounds e l e c t r o -
176 182• c h e m ic a l ly  a s  w e l l  a s  by  th e  a c c e p te d  c o n v e n t io n a l  m ethods 
on  a  r e a s o n a b le  s-ca le  an d  i n  a  s h o r t  p e r i o d  o f  t im e ,  (T ab le -  8 ,1 )  .
The 2 , 2 ' - b i p y r i d i n e  a d d u c ts  o f  b i s ( i s o p r o p y la m in o ) z in c  
o r  cadmium, s i m i l a r  to  2 , 2 ' - b i p y r i d i n e  a d d u c t  o f  b i s ( 2 , 2 , 6 , 6 -  
t e t r a m e t h y l p i p e r i d i n o ) H ^  (w here  M = Zn,Cd.,Hg) shows i n s o l u -  . 
b i l i t y  i n  m ost o f  th e  o r g a n ic  s o l v e n t s . T h is  la c k  o f  
s o l u b i l i t y  p r e c lu d e d  p r o to n  n .m . r .  o r  m o le c u la r  w e ig h t  
m ea su re m e n ts  an d  th e  compounds a r e  assum ed  to  b e  p o ly m e r ic .
I t  i s  r e m arkab l e  t h a t  th e y  a r e  a l s o  i n s o l u b l e  i n  d ono r 
s o l v e n t s  su c h  as d im e th y lfo rm a m id e , p y r i d in e  o r  a  s o l u t i o n
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o f  2 , 2 ' - b i p y r i d i n e  i n  benzene .. T h e - d o n o r - c h a r a c te r  o f  th e  
dime th y  la m in o  g roup  when b o n d ed  to  z in c  i s  so  e n h a n c e d  t h a t  
* ev en  2 ,2 * - b i p y r i d i n e  c a u se s  n o  d is p la c e m e n t .  An a t te m p te d  
p r e p a r a t i o n  o f  (M ^ ^ Z n .-b ip y  from  th e  dim e th y  l z  i n  c  com plex 
Me22n .b i p y  a n d  d im e th y la m in e  a t  80° y ie ld e d , o n ly  b l a c k  
i n s o l u b l e  i n v o l a t i l e  m a te r i a l -  i n  a d d i t i o n  t o  m e th a n e .
- Bis.Qhexame th y  I d i s i l y  la m in o ) z in c  an d  b i s  (h e x a m e th y l-  
d i s i ly l a m in o )  cadm ium .w ere a l s o  s u c c e s s f u l l y  p r e p a r e d  
e l e c t r o c h e m ic a l l y .  -B p th  compounds, a r e  s o lu b le  i n  common 
o r g a n ic  s o l v e n t s l i k e  c h lo ro fo rm ,, p e n ta n e ,  h e x an e  e t c .  a n d . • 
th e y  r e a c t  w i th  compounds c o n ta in in g  an a c t i v e  h y d ro g e n  
e g . , w a te r  an d  a l c o h o l s .  ; B ecau se  o f  th e  s e n s i t i v i t y  o f  th e  
com pounds good  a n a l y t i c a l  d a ta  w e re  h a r d  t o  o b t a i n .  The 
m e ta l  a n a l y s i s  i n d i c a t e d  th e  p r e s e n c e  o f - tw o  h e x a m e th y l-  
d i s i l y l a m i n o  g roup  p e r  a tom  (T a b le  8 .2 )  . ...
The compounds fo rm -no  ■ a d d u c ts 'e v e n  w i th  s t r o n g  c du­
p l e x in g  a g e n ts  l i k e  2 ,2 * - b i p y r i d i n e  o r  N ,N ,N ',N ’ - t e t r a m e t h y l -  
e th y le n e d ia m in e .  M odels o f  M ^ C U C S iM e ^ ^ ^  i n d i c a t e d  t h a t  
th e  s t e r i c  h in d ra n c e  p r o v id e d  b y  th e  am ine g ro u p  w o u ld  be  
s u f f i c i e n t  to  p r e v e n t  a c c e s s  b y  t h e  b i d e n t a t e  l i g a n d .
V i b r a t i o n a l  s p e c t ro s c o p y
The i n f r a r e d  s p e c t r a  o f - t h e  f i v e  2 ,2 * - b i p y r i d i n e  a d d u c ts  
o f  m e t a l ^  a lk y l s  ’h av e  b e e n  r e c o r d e d  b e tw ee n  2 0 0 cm'* ^  to  
4000cm \  .g e n e r a l ly  a s  N u jo l m u lls  o r  C sl p e l l e t .  The 
a b s o r p t io n s  a r e  l i s t e d  i n  T a b le  8 .3 .  The*^(M -N) v i b r a t i o n s
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-3.56- •.
a r e  a s s ig n e d  by. co m p ariso n  w i th  th e  r e s u l t s  o f  p re v io u s , 
w o rk e rs  on g ro u p  I IB  m e ta l  a l k y l a m i d e s . ^ ^ ’^ ^ ’ ^ ^ ’^ ' ’
The i n f r a r e d  s p e c t r a  o f  b i s  C h e x a m e th y ld is ily la m in o )  z i n c ^ -  
and  th e  c o r r e s p o n d in g  a n a lo g  o f . cadmium a r e  "shown i n 'T a b l e  
8 .4 .  The v i b r a t i o n s  i n  th e  r e g io n  -1260cm ^ to -610cm ~ ^ a r e  
i n d i c a t i v e  o f  t h e  p re s e n c e  o f  N C SiM e^^ g ro u p s , and  th e  
i n t e n s e  b a n d s  a t  440cm ^ a n d  *410 cm” ^  c o r re s p o n d  to  C Z n ^ ) 
and  CCdN2 ) s t r e t c h i n g  v i b r a t i o n s .  I n  a l l  com pounds,' th e  
i n f r a r e d  s p e c t r a  show th e  a b se n c e  o f  a b s o r p t io n s  due to  
"3 (N-H) a ro u n d  3300cm
NMR .
The NMR c h e m ic a l s h i f t s  f o r  b i s C h e x a m e th y ls i ly l -  
a m id p ) 'z in c  an d  cadmium a r e  g iv e n  i n  T a b le  8 .5 .  The s p e c t r a  
show  th e  s i n g l e t s  a t  S 0 . 0 - i n  CDCl^ f o r  th e  z in c  com plex  
and. a t  S -0  .1  f o r  cadmium, i n d i c a t i n g  th e  p r e s e n c e  o f  -
S 'iQ f e ^  p r o t o n s .  •
8 . 8  C o n c lu s io n
The s y n t h e t i c  te c h n iq u e  d i s c u s s e d  i n  t h i s  c h a p te r  i s  
a  v e r y  e a s y  an d  c o n v e n ie n t  r o u t e  to  m e ta l  a lk y la m id e . The 
m eth o d  h a s  many a d v a n ta g e s  o v e r  th e  o t h e r  recom m ended 
.c o n v e n t io n a l  m e th o d s , in  w h ic h  s o p h i s t i c a t e d  sy s te m s  a r e  
u s e d - to  h a n d l e - a i r  s e n s i t i v e  s t a r t i n g  m a t e r i a l s .
*
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The f o l ld & in g  i s  a  l i s t  o f  th e  o r g a n o m e ta l l i c  .compound^ 
• p re p a re d  b y  th e  a u th o r  d u r in g  th e  p e r i o d  c o v e re d  by. t h i s  
t h e s i s .  - .
I .  N e u t r a l  o rg a n o c a d m iu m .h a lid e s  ‘ ;•
CD MeCdl . a-
C2) E tC d l a
C3) ,MeCdI.2DMS0
C4) •M eC d l.b ip y a
C5) E tC d l b ip y a
C6 ) E tC d I .1 ,4  d io x a n e a
C7) C F ^ C d l.b ip y •
C8) E tC d B r.b ip y • a
C9) EtCdBr* 1 , 4 - d io x a n e a
CIO) E tC d B r.p h en a
C ll) n-B uC dB r. b ip y a
C12) . PhCdBr* 1 , 4 - d io x a n e a
C13) Cg.F^ CdBr. b  ip y a
I I .  N e u t r a l  o rg a n o z in c  h a l i d e s
■ Cl 4) J fe Z n l.b ip y a
C15) E tZ n I .b ip y a
■ C16) C F ^ Z a l.b ip y
.0-7) E tZ n B r .b ip y a
■ C18) ^ C K IH -Z n B r. b ip y a
CIS) P h Z n I .b ip y “' a
C20) . PhZnBr.b^fpy a
C21) P h Z n C l.b ip y a
h  2 ) P hQ ^Z nl-. b  ip y $ a
, /  C23) P h C ^ Z n B r. b  ip y a
C24) P h C I^ Z n C l.b ip y ■ a
' 7* *• I I I . A n io n ic  ' organocadm ium . h a l i d e s
C25) DfeCdI2J~ b
C26) [E tC d I2] " b
C27) [CF3 C dI2 ] "  * b
C2S) [^ -B uC dI2 3 - b
C29) £MeCdBr2 3” . b * ~cm £EtCdBr2 ] b-
C31) [t-B uC dB r2J~ b
' \  v  '  * ’
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(.32) IP hC dI2J ‘
lPhC dB r2J '(33)
(3 4 ) lP hC dC l2 ] “
(35) £C6 F5 Cc3Br2J
IV . A n io n ic  O rg a n o z in c  h a l i d e s
(36) [M eZnI2] -
(37 ) £ E tZ n I2 J "
(38 ) rCF3 Z n I2 ] _ ‘
(39 ) [E tZ nB r2]~
(40) [P hZ nI2] _
(41 ) £PhZnBr2 ] _
(42 ) . £PhZnCl23 ‘
b
b
b
b
b
b
b
b
b
b
A ry l cadmium compounds c o n ta in in g  rK -me th y  lam ino  .group 
a s  a  b u i l t - i n  l ig a n d  , '
(43 ) 2 -£  (N, N' -d im e th y  lam ino.) me th y  1] p h e n y l  cad m iu m (II) -  
b ro m id e .
(44) ' 2 -£  (N,N* - dim^r.hyl arm'n^-mpf-hyl jp h p n y l r ^ dmi tttti(TT) -  
• m e th y l
(45) 2 - £ (N, N' -d im e th y la m in o )m e th .y l]p h e n y lc a d m iu m (II)  -
p h e n y l
(46) B is  £2- (N, N- dime th y  lam inom e th y  1) pheny  lcadrni umCII)
^ • .
b
b
b
b
V I. Some Ph^ShMCl a d d u c ts
(47) P h ^ fc Z n C l. TMED
(4 8 ) P h3SnCdCl.TMED
(49) P h3SnCdC. b ip y  
(50 ) Ph3SnH gCl. TMED
(M = 2 n , Cd, Hg)
a
a
a
a
V II . Group IIB  m eta l-d ia lky laT T ri des
(51 ) £B is ( i s o p r o p y la m in o ) ] z in c ( I I )  .b ip y  a
(52 ) £ B is  ( i s  opropy  lam in o ) ]  cad m ium (II) b ip y  b
(53) £5 i s ( 2 , 2 , 6 , 6- t e t r a m e t h y l p i p e r i d i h o ) j 2i n c ( I I ) b i p y  b
/
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(.54) lB is ( 2 ,- 2 ,6 ,6 - te t r a m e th y lp ip e r id in o ) J c a d m ± -u m I Ib ip y  b
C55) { B is  ( 2 , 2 , 6 , 6 - t e t r a m e t h y l p i p e r i d i n o )  Jm e rcu ry  ( I I )  • b 
• b i p y
(56 ) [B is  Q ie x a - m e th y ld is i ly  lam in o ) ] z i n c ( I I )  a
C57) [ B i s .( h e x a - m e tb y ld i s i ly  la m in o ) 3 cadm ium CII) a
N o te : a  *  R e p o r te d  i n  th e  l i t e r a t u r e  and  p r e p a r e d  b y  o t h e r
c o n v e n t io n a l  m ethods 1
b = N ot r e p o r t e d  i n  t h e  l i t e r a t u r e .
&
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